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Page  247. 

Chapter  V. 

[ 

stability  of  PLATES  AND  SHELLS  HADE  OF  polyrbric  MATERIALS  bith 
CONSTANT  LOAD. 

V 

§5.1.  Introductory  observations,  the  prereguisite/preaises  of 
investigation. 

Many  structural  cell/eleaents  froa  polyaeric  aaterials  long  tine 
are  located  under  the  effect  of  external  loads.  In  view  of  the  fact 
that  polyaeric  aaterials  possess  the  properties  of  creep,  under  the 
effect  of  external  load  they  transfoca  in  tiae  and  arises  the 
question  concerning  the  prolonged  stability  of  constructions  aade  of 
these  aaterials.  The  studies  of  prolonged  stability  preceded  works  on 
the  stability  of  glass-plastic  shells  with  interaitteat  load. 

II 
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Of  the  special  feature/peculiarity  of  the  behavior  of  shell, 
sade  froa  glass-fiber-reinforced  plastic#  under  load  in  essence  are 
caused  by  the  properties  of  aaterial. 

Glass-f iber-reinf orced  plastic  possesses  a whole  series  of 
special  feature/peculiarities#  in  particular:  by  the  high  specific 
strength  in  the  direction  of  reinf orceaent,  by  the  relatively  low 
aoduli  of  elasticity,  pronounced  heterogeneity,  the  possibility  of 
the  optiaua  construction  of  aaterial,  etc.  in  connection  with  the  low 
aoduli  of  elasticity  of  the  aaterial  of  experiaent  in  the  stability 
of  glass- fiber- reinforced  plastics,  acquires  the  special  iaportance. 

. Glass-f iber-reinf orced  plastic  is  tbe  coaposite  laainate,  which 
consists  of  two  coaponents:  by  alaost  elastic,  by  the  deterained  fora 
of  the  oriented  fittings  (glass  filaaents,  glass  cloth,  etc.)  and  of 
isotropic  polyaer  - bonding  agent,  that  possesses  the  properties  of 
viscoelasticity.  Thus,  during  the  construction  of  the  theory  of  the 
deforaation  of  shell  of  glass- fiber- reinf  orced  plastic  it  is 
necessary  to  exaaine  the  questions,  connected  with  heterogeneity, 
anisotropy  and  the  viscoelasticity  of  aaterial.  In  this  case,  are 
possible  two  in  principle  different  approaches. 


Page  248 
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The  first  - phenomenological  - consists  in  the  laboratory 
investigation  of  ready  aaterial  for  the  target/purpose  of  the 
deteraination  of  its  aechanical  characteristics  and  use  of  known 
equations  of  anisotropic  shell. 

Second  approach  is  connected  with  the  aacrcstructural  analysis 
of  aaterial.  it  Bakes  it  possible  to  express  the  aechanical 
characteristics  of  aaterial  as  a whole  by  the  appropriate 
characteristics  of  its  components:  bonding  agent  and  fittings,  which 
aakes  it  possible  to  predict  the  properties  of  composite  aaterial 
depending  on  its  structural  parameters  (solidity/loadiag  factor,  the 
orientation  of  fittings,  and  so  forth),  and  consequently,  to  solve 
the  problems  of  optiaua  planning. 

The  complete  systea  of  equations  of  thin-walled  shell  consists 
of  three  groups  of  the  equations:  1)  the  equation  of  equilibrium  or 
notion;  2)  the  geometric  equations  of  the  shells  which  are 
derive/concluded  on  the  basis  of  the  determined  assumptions  about  the 
character  of  strain  and  significantly  are  connected  with  the 
geometric  parameters  of  shell  (to  choose  from  of  these  assumptions 
they  affect  the  property  of  the  material  of  shell) ; 3)  the  physical 
equations,  which  relate  voltage/stresses  with  strains  and  the 
reflecting  properties  of  material,  la  this  group  of  equations,  finds 
their  reflection  of  the  special  feature/peculiarity  of  the  mechanics 
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of  polyaeric  Material. 

The  special  feature/peculiarity  reinforced  plastic  is  the 
anisotropy  of  their  deforaation  properties  with  low  shift  rigidity 
both  in  the  plane  of  layers  of  the  reinforcing  fabric  and  between 
layers  of  fabric.  Because  of  this  the  standard  of  cell/eleaent  in  the 
process  of  bending  does  not  reaain  rectilinear,  but  bent.  For  real 
constructions  aade  of  the  oriented  glass- fiber-reinforced  plastics  of 
the  ratio  of  Young*s  nodulus  to  shear  aodulus,  they  can  be  such,  that 
even  for  engineering  calculations  the  failure  of  the  hypothesis  of 
undeforaable  standards  becoaes  necessary. 

Direct  aeasureaent  of  the  bending  of  the  cross  sections  of  rods 
froa  the  oriented  glass-f  iber—reinf  orced  plastics  with  elongation  and 
bending  is  carried  out  in  works  [175],  where  on  the  basis  of 
experiaents  is  shown  the  need  for  the  calculation  of  rods  froa  these 
aatecials  on  the  refined  foraul*s«  without  the  use  of  the  simplifying 
hypothesis  of  flat/plane  section/cuts. 

The  first,  aost  complete  experiaents  on  the  stability  of 
glass-plastic  shells  with  different  external  loads  are  carried  out  by 
A.  A.  Bushtyrkov  [ 176-178].  In  these  investigations  the 
glass-fiber-reinforced  plastic  is  considered  as  elastic-orthotropic 
aaterial. 
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The  carried  out  experiments  confirm  the  possibility  of  using  the 
theory  of  orthotropic  plates  and  shells  for  practical  calculations 
for  stability.  Unlike  isotropic  shells,  the  stability  factor  of 
orthotropic  shells  is  not  constant,  but  it  depends  substantially  on 
the  relationship/ratio  of  the  elastic  constants  of  material. 

Page  249. 

To  each  for*  of  anisotropy  corresponds  its  value  both  of  upper  and 
lower  critical  load.  By  the  investigations  of  A.  A.  Bushtyrkova  is 
clearly  shown  the  effect  of  the  anisotropy  of  material  together  with 
the  geometric  parameters  of  shell  on  the  critical  value  of  load  and 
wave  formation. 

In  A.  A.  Bushtyrkova's  curent  works  [172]  is  used  the  property 
of  shells  of  glass- fiber-reinforced  plastic  to  accept  small  residual 
strains  and  to  retain  then  for  some  time.  By  the  repeated  loading  of 
one  shell  of  glass- fiber- reinforced  plastic  it  was  possible  to  obtain 
the  values  of  critical  loads  at  several  values  of  the  depth  of 
initial  dent.  The  results  of  the  carried  out  experiments  attest  to 
the  fact  that  the  theory,  constructed  on  the  similarity  of  initial 
and  additional  of  sagging/deflections,  qualitatively  describes  the 
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results  of  experiments  and  that  the  loss  of  stability  occurs  at  the 
value  of  upper  critical  load  taking  into  account  initial 
imperfections. 

A.  A.  Bushtyrkov  investigated  also  the  supercritical 
stress-strain  state  of  shells  for  the  tar  get/ purpose  of  the 
determination  of  the  breaking  load  for  thin-mailed  construction  and 
its  supercritical  rigidity.  This  question  is  especially  actual 
because  fiber  glass  plastic  with  short-term  loading  possess  the 
almost  modern  elasticity  up  to  the  torque/mcment  of  destruction.  By 
the  mentioned  author  it  is  shown,  that  with  the  aid  of  nonlinear 
theory  is  possible  in  principle  research  on  the  stress-strain  state 
of  cylindrical  fiber  glass  plastic  shells  in  supercritical  stage* 

This  is  very  important  in  connection  with  the  fact  that  in 
supercritical  state  the  glass-plastic  shells  can  bear  the 
considerable  loads,  close  to  upper  critical  or  more  then. 

Further  by  A.  A.  Bushtyrkov  studied  supercritical  stress-strain 
state  of  square  orthotropic  plate  from  glass-fiber-reinforced  plastic 
is  shown,  that  within  known  liaits  experimental  amounts  of  deflection 
will  agree  well  with  theoretical  and  that  with  the  aid  of  nonlinear 
theory  even  in  initial  approach/approximations  completely 
satisfactorily  is  predicted  the  character  of  a change  in  the  stresses 
in  plate  [ 180]. 
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In  the  works  of  V.  S.  Guaenyuk,  V.  s.  Kravchuk  and  V.  V.  Lushik 
[181]  also  is  utilized  the  property  of  glass-fiber-reinforced  plastic 
to  retain  elastic  properties  during  conparat ively  large  strains.  It 
is  indicated  that  to  study  the  stability  of  shell  during  the 
eaergence  of  large  radial  displacenents  is  possible  only  in  such  a 
case,  when  the  naterial  of  shell  possesses  high  elastic  Unit,  since 
otherwise  appear  plastic  deforaations. 

Page  250. 

For  the  experiaental  investigation  of  the  behavior  of  the  cylindrical 
shell,  coapressed  along  axle/axis,  in  supercritical  state  was  tested 
shell  of  the  glass- fiber-reinforced  plastic  PSH-103  (structure 
one-to-one),  which  retains  elastic  properties  during  deforaations 
1-3o/o.  The  diarter  of  shell  300  aa,  length  60C  aa,  thickness  1 an, 
end/faces  are  intensified  by  the  longitudinal  and  circular  layers 
with  a length  of  40  an,  by  a thickness  of  4 aa.  Bending 
characteristics  of  naterial  E,  = E2  = 2.1*10*  kg/ca*,  mi  s Mz  s 0.2. 
Has  used  the  testing  aachine,  aaking  it  possible  to  regulate  and  to 
check  the  speed  of  loading  and  to  record/write  diagraa  load  - the 
displaceaent/aoveaent  of  end/faces.  In  the  process  of  loading,  the 
shell  lost  stability  with  sharp  knock.  The  aaxiaua  value  of  the 
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applied  force  was  considered  upper  critical  force,  lower  critical 
force  was  determined  with  the  unloading  of  shell.  Diagraa  load,  the 
displaceaent/ao veaent  of  end/faces,  is  qualitatively  similar  of  the 
theoretical,  obtained  for  the  shell  ideal  fora  in  geometrically 
nonlinear  setting,  moreover  the  experimental  values  of  upper  and 
lower  critical  forces  are  repeated  with  the  considerable  number  of 
repeated  loadings- 

» 

The  further  theoretical  and  experimental  analyses  of  stability 
of  glass-plastic  shells  are  carried  out  by  V.  V.  Ivanov,  b y L.  N. 
Saetanina,  etc.  [182,  183]  under  A.  S.  yol*air*s  management. 

By  V.  K.  Ivanov  it  is  shown,  that  the  bulge  of  orthotropic 
cylindrical  glass- plastic  shells  during  axial  compression  represents 
by  itself  dynamic  process.  Transfer/transition  from  one  state  of 
equilibrium  to  another  is  realize/accomplished  by  means  of  knocks. 
Shells  lose  stability,  forming  the  axially  nonsyaaetric 
diamond-shaped  bulge  whose  character  sharply  is  changed  depending  on 
the  relation  of  the  moduli  of  elasticity  along  generatrix  and  arc.  If 
module/nodulus  along  arc  is  more#  then  also  bulges  are  elongated 
along  arc,  and  vice  versa.  The  effect  of  nonlinearity  of  orthotropic 
glass-plastic  shells  render/showed  smaller  than  in  isotropic 
metallic.  On  the  value  of  critical  load,  essential  effect  exerts  the 
parameter,  i.e. , the  square  root  from  the  main  normal  moduli  of 
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elasticity,  divide  by  shear  modulus,  i.e.  , the  parameter,  which 
characterizes  the  properties  of  material.  With  decrease  in  this 
parameter,  the  critical  load  grows.  Consequently,  for  an  increase  in 
the  critical  load  it  is  necessary  to  increase  shear  modulus,  which  is 
reached  by  applying  resins  with  the  increased  cohesive  strength  and 
the  increased  adhesion  to  fiberglass.  Beal  critical  load  is  located, 
as  a rule,  between  upper  and  lower  theoretical  loads.  For  practical 
calculations  is  recommended  the  approximation  formula. 

Page  251. 

Experimental  and  theoretical  studies  of  the  stability  of 
flexible  orthotropic  plate  with  free  edges  is  carried  out  by  L.  G. 
Butakovoy  [184].  were  tested  glass-plastic  plates  200  x 200  x 4 mm  in 
size/dimension  of,  also,  with  the  relation  of  layers  1:4.  Is 
establish/installed  critical  load  and  curved  of  supercritical 
deformation  under  the  effect  of  distributed  and  concentrated  loads. 
Theoretical  calculation  is  carried  out  by  the  method  successive 
carrying  out  of  with  the  use  of  finite  differences  in  electronic 
digital  computer  BESD-2H.  During  the  comparison  of  the  results  of  the 
solution  with  experimental  data  obtained  satisfactory  agreement. 

All  the  examined  works  are  carried  out  with  the  use  of  a 
hypothesis  of  direct/straight  standards.  In  V.  I.  Korolev's  monograph 
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[186]  is  proposed  the  approximation  method  of  the  account  of  the 
effect  of  the  interlayer  shift/shears  of  laminar  anisotropic  plates 
and  shells,  on  the  base  of  this  method,  is  investigated  the  stability 
of  anisotropic  rectangular  plates.  Are  examined  in  detail  some 
characteristic  tasks  of  the  stability  of  orthotropic  sandwich  plates 
and  shells  with  elastic  fillers,  and  also  are  given  tasks  by  choice 
of  the  optimum  structure  of  laminated  plastic  of  cylindrical  shell. 

V.  T.  Tomashevskiy  [ 187,  187a]  also  is  focused  attention  on  the 
need  for  the  account  of  the  anisotropy  of  glass-fiber-rein  forced 
plastic  on  the  third  coordinate,  i.e.,  it  indicates  that  the  limits 
of  the  applicability  of  the  hypothesis  cf  direct/straight  standards 
in  the  case  of  anisotropic  materials  depend  not  only  on  the  geometry 
of  construction,  but  also  on  the  relatioqship/ratio  of  elastic 
constants.  Of  glass-fiber-reinforced  plastics  with  interla ninatio* 
shift/shear,  the  reinforcing  filaments  relatively  weakly  are  involved 
into  work  and  the  effort/forces  of  transverse  shift/shear  in  larger 
measure  are  absorbed  by  bending  agent. 

To  evaluate  the  effect  of  such  most  characteristic  for  a 
glass- fiber- reinfo reed  plastic  special  feature/peculiarities  as 
elastic  anisotropy  and  compliance/pliability  with  respect  to 
interlayer  shift/shear,  was  investigated  the  stressed  state  of 
circular  cylindrical  shell  of  glass-fiber-reinforced  plastic. 


r 
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reinforced  equidistant  heel  rings,  under  the  action  of  axisymmetric 
and  column  ioad.  is  obtained  the  system  of  equations  of  the 
equilibrium  of  the  shell  whose  solution  is  given  under  the  boundary 
conditions,  which  consider  the  consistency  of  the  deformation  of 
shell  and  fin/edges. 

By  means  of  the  analysis  of  the  results  of  the  solution 
determined  the  limits  of  the  applicability  of  the  theory  of  films  for 
such  type  of  constructions,  is  given  evaluation  of  the  effect  of  the 
anisotropy  of  material.  Since  the  material  is  created  simultaneously 
with  the  development  of  constr action,  are  given  the  recommendations 
by  choice  of  the  optimum  schematics  of  the  reinforcement  of  the  shell 
of  cylinder,  which  make  it  possible  to  facilitate  construction  or  to 
increase  its  bearing  capacity. 

Page  252. 

In  recent  years  attention  drew  the  works,  relating  to  the 
dynamic  stability  of  glass- plastic  plates  and  shells,  which  are 
located  under  the  action  of  intermittent  load  [188,  189],  in  the  flow 
of  gas  or  liquid  [190]  with  the  rapidly  accompanying  and  impact  loads 
of  aperiodic  character.  The  works  of  the  last/latter  direction, 
carried  out  umder  A.  S.  Vol 'air's  nanagement/aanual  [191],  can  be 
divided  into  two  groups. 
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1.  With  strictly  dynaaic  load,  when  process  of  bulge  is 
continued  during  period,  considerably  largec  propagation  tine  of 
elastic  wave  along  construction,  they  disregard  wavelike  nature  of 
transnission  of  elastic  def oraations.  In  this  setting  are  carried  out 
the  investigations  of  L.  N.  saetaninoy  [191]. 

2.  Second  group  of  works  is  related  to  tasks  with  iapact  load, 
in  which  period  of  propagation  of  elastic  waves  along  construction 
let  us  coapare  in  the  course  of  tine  prior  to  beginning  of  violent 
bulge*  in  these  tasks  it  is  necessary  to  consider  wavelike  nature  of 
transnission  of  elastic  deforaations.  The  stability  of  glass-plastic 
shells  with  iapact  load  is  investigated  by  V.  L.  Agaairov  and  L.  N. 
Saetaninoy  [193].  This  and  other  works  showed  that  with  an  increase 
in  the  velocity  of  loading  are  developed  the  higher  foras  of  loss  of 
stability  and  as  consequence  grow/rises  the  value  of  critical  load. 

Let  us  further  exaaine  the  investigations,  considering  the 
rheoncaic  properties  of  polyaeric  aaterials. 

The  probleas  of  the  prolonged  stability  of  plates  and  shells  of 
polyaeric  aaterials  are  discussed  in  the  review  of  S.  R.  Babotnova  at 
I Riga  conference  on  the  aechanics  of  polyaers  in  1965. 
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The  aain  directions  of  development,  posing  of  the  guestion  and 
the  results  of  the  solution  of  the  problems  of  stability  during  creep 
are  given  in  the  works  of  A.  a.  Rzhanitsin  £195,  196],  of  S.  M. 
Rabotnova  [ 127,  156],  of  S.  A.  shesterikova  [ 129,  199,  200  ],  of  A.  S. 
Vol*  air  [65],  of  L.  H.  Kurshin  [ 201,  202],  of  g.  V.  Ivanov  [97,  203] 
et  al.  They  all,  however,  are  related  aainly  to  the  analysis  of 
stability  of  cellyeleaents  froa  traditional  aaterials  (netal, 
concrete,  etc.).  There  is  thus  far  of  a little  works  on  the  prolonged 
stability  structural  cell/eleaents  froa  polyaeric  aaterials.  In  this 
connection  it  is  possible  to  note  S.  N.  Rabotnova's  report  [194],  G. 
I.  Brizgalin's  works  [ 204,  205],  E.  N.  Sinitzin  [213],  A.  G. 
Teregulova  [214],  p.  fl.  Ogibalova  [207  ],  H.  A.  Koltunova  [ 207,  208  ], 
A.  Ali-El'-Kuraani  [208]  et  al. 

The  study  of  the  prolonged  stability  of  fine/thin  rectangular 
plat*  froa  glass-fiber-reinforced  plastic  taking  into  account  shift 
creep  in  the  plane  of  plate  is  carried  out  by  G.  I.  Brizgalin. 

Page  253. 

By  it  is  exaained  the  supported  froa  four  sides  plate  to  ahich  along 
two  opposite  sides  is  applied  the  evenly  distributed  coapressive  load 


1 
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with  an  intensity  of  P.  Creep  in  the  direction  of  reinf orcenent  they 
disregard.  Since  glass- fiber-reinforced  plastic  is  the  aaterial  whose 
anisotropy  can  be  within  certain  liaits  changed  arbitrarily,  is 
placed  the  question  concerning  the  aost  rational  reinf orce aent  of 
plate.  If  we  in  the  fixed/recorded  sense  of  sides  a/b  change  the 
aoduli  of  elasticity  along  principal  directions  Et  and  E2,  then 
critical  load  will  be  substantially  change,  it  is  proposed  the  aethod 
of  the  deter aination  of  this  relationship/ratio  between  aodule/aod uli 
and  a guantity  of  reinf orceaent  with  which  prolonged  critical  load 
takes  greatest  value.  It  is  shown,  that  the  optiaua  reinf orceaent  can 
increase  critical  load  several  tines. 

By  M.  A.  Koltunov  and  A.  El'-Kurmani  is  exaained  the 
stability  of  the  coa pressed  in  axial  direction  closed  circular 
cylindrical  shell,  aanufactured  froa  orthotropic 

glass- fiber-reinforced  plastic  froa  that  which  reinforces  the  fabric 
of  linen  weave.  The  weft  of  fabric  is  directed  along  generatrix,  and 
basis  - on  guide.  Is  taken  into  account  the  linear  heredity  of 
aaterial  in  the  fora  of  Boltzaann- Volterr a.  By  authors  were  obtained 
elastic  upper  and  lower  critical  forces,  and  also  siailar  expressions 
taking  into  account  heredity.  It  is  further  noted  that  the  account  of 
linear  heredity  decreases  the  value  of  critical  load  for  shells  of 
glass- fiber- reinforced  plastic.  Is  given  the  procedure  of  the 
deteraination  of  critical  tiae  and  it  is  shown*  that  the  critical 
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loads  of  the  shells  whose  eaterial  possesses  linear  heredity,  depend 
substantially  on  the  aode/conditions  of  loading,  after  grow/rising 
with  an  increase  in  the  velocity  of  loading. 

Such  a conclusion  is  ccnfirned  by  the  experiaental 
investigations  of  shells  of  sone  types  cf  polyaeric  naterials. 

P.  H.  Ogibalov  and  n.  A.  Koltunov  £207]  studied  the  stability  of 
plates  and  shells  taking  into  account  of  rheonoaicity  of  the 
aechanical  properties  of  glass- fiber-reinforced  plastics  established 
that  the  critical  sagging/deflections  with  constant  load  increase. 

The  values  of  "upper"  and  "lower"  critical  loads  for  viscoelastic 
shells  depend  substantially  on  the  velocity  of  the  loading:  with  an 
increase  in  the  velocity,  the  value  of  upper  critical  load  is  raised. 

The  probleas  of  cracking  during  creep  of  slanting  spherical 
shells  of  polyaeric  aaterials  are  solved  by  Ye.  Tungl  and  Khuan 
Nay-Chen  in  connection  with  shell  of  polyaethyl  aethacrylate  [ 209, 
298].  In  these  works  deterained  critical  tiae. 

The  stability  of  thin-walled  cell/eleaents  froa  the  reinforced 
polyaeric  aaterials  taking  into  account  their  nacrostructure  is 
investigated  by  V.  Y.  Bolotin  and  his  pupils  on  the  base  of  the 
proposed  to  thea  theory  of  reinforced  aedia  [209,  210]. 
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Page  254. 

The  fundamental  equations  of  the  theory  of  the  reinforced  nedia 
are  derive/concluded  froa  the  nacrostructural  considerations, 
obtained  by  neans  of  the  reinf orcenent  of  certain  viscoelastic  nediun 
by  the  large  nunber  of  linear  or  surface  elastic  cell/eleaents  of 
high  strength  and  rigidity.  The  stress-strain  state  of  each  of  the 
reinforcing  cell/elenents  is  considered  taking  into  account 
interaction  with  connecting  aaterial.  Further  by  neans  of  the 
operation  of  saearing  inhoaogeneous  nediun  is  approxinated  by  certain 
energetically  equivalent  quasi-hoaogeneous  nediun.  This  approach  is 
generalized  also  for  the  case  when  nediun  is  reinforced  by  the 
slightly  bent  elastic  layers  how  it  is  possible  to  explain  the  known 
experinental  fact,  which  consists  in  a reductioa/descent  in  the 
aoduli  of  elasticity  of  laninar  glass- fiber-reinforced  plastics. 

On  the  basis  of  the  theory  of  the  reinforced  nedia,  f . V. 

Bolotin  and  V.  (I.  Moskalenko  [212]  derived  the  fundanental  equations 
of  the  theory  of  plates  and  shells,  nade  fron  the  reinforced 
naterials.  Is  establish/installed  also  the  need  for  failure  of 
Kirchhoff-Love'8  hypothesis  during  the  construction  of  the  theory  of 
plates  and  shells,  nade  fron  the  nediun  in  question.  The  authors  show 
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coaauaication/connection  of  the  obtained  by  thei  relationship/ratios 
with  the  theory  of  anisotropic  plates  and  shells,  and  also  with  the 
theory  of  plates  and  shells  of  the  aediua  cf  Voigt-Kosser  give 
solutions  of  the  stability  of  shells* 

In  Ye.  N.  Sinitzinas  works  [213]  on  the  basis  of  the  theory  of 

■ 

the  reinforced  aedia  is  investigated  the  bulge  of  the  flattened  rods 
and  plates  froa  the  viscoelastic  reinforced  aaterial  under  the  action 
of  longitudinal  forces.  By  variational  net bed  are  derive/concluded 
the  corresponding  differential-difference  eguations  and  boundary 
conditions  (2n  eguations  for  rods,  3n  eguations  for  plates,  aoreover 
n is  a nuaber  of  reinforcing  layers).  With  the  aid  of  the  "principle 
of  the  saearing  of  energy"  of  the  systea  of  differential-difference 
eguations,  they  are  replaced  by  the  equivalent  systea  of  partial 
differential  eguations  (2n  eguations  for  rods,  3n  eguations  for 
plates).  Are  given  the  precise  and  approxiaation  aethods  of  the 
solution  of  the  probleas  of  the  bulge  of  the  viscoelastic  reinforced 
rods  and  plates.  D.  N.  Sinitzin  it  explains  the  condition  of  the 
applicability  of  the  refined  theories  of  the  bending  of  unifora  rods 
and  plates  and  it  shows  that  the  effect  of  the  deforaations  of 
transverse  shift/shear  is  acre  fully  considered  by  the  theory  of 
auitilafer  rods.  In  the  work  is  exaained  the  process  of  the  bulge  of 
rod,  which  is  accoapanied  by  relaxation  of  initial  stresses,  and  is 
eaphasized  the  significant  role  of  viscoelastic  shearing  strains. 


J 
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Besides  strict  sethods  of  the  theory  of  the  reinforced  aedia, 
property  of  the  anisotropy  of  the  viscoelastic  behavior  of 
glass- fiber- reinfo reed  plastics,  and  in  particular  its  low  transverse 
shift  rigidity,  they  can  be  taken  into  account  by  the  introduction  of 
the  corresponding  kinenatic  hypotheses.  This  approach  is  based  on  the 
construction  of  the  t wo-diaensional  theories  of  plates  and  shells 
during  the  use  of  kinenatic  hypotheses,  less  rigid,  than 
K irchhof f-Love' s classical  hypothesis.  By  this  nethod  it  is  possible 
to  obtain  not  the  too  conplex  equations,  which  yield  to  treatnent  and 
resolution  in  concrete/specific/actual  engineer  nissions.  The 
successful  hypotheses,  which  consider  the  defornations  of  transverse 
shift/shear,  were  proposed  to  S.  p.  Tiwoshenko#  Ye.  Beyssner,  B.  F. 
Blasov,  s.  A.  Asbartsuayan,  n.  P.  Shereaet • yev,  B.  L.  Pelekh,  and 
other  researchers. 

Jn  A.  G.  Teregulova's  work  £214]  is  analyzed  the  effect  of  the 
defornations  of  transverse  shift/shear  an  the  stress-strai n state  of 
plates  fron  the  oriented  glass-fiber-reinforced  plastics  in  geonetric 
nonlinear  setting  with  bending  and  in  the  tasks  of  stability.  The 
defornations  of  transverse  shift/shear  are  considered  according  to 
the  procedure,  proposed  by  S.  A*  Asbartsuayan  and  D.  T.  Peshtnaldshan 
£215).  The  viscoelastic  properties  of  natnrial  with  shift/shear  are 
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described  by  the  linear  theory  of  heredity,  property  with  elongation 
- compression  along  principal  directions  they  are  considered  elastic. 
Operational  expressions  for  a shift/shear,  according  to  the  works  of 
A.  L.  Rabinovich  and  P.  N.  Verkhovskogo,  are  expressed  approximately 
through  the  appropriate  operators  of  bonding  agent.  By  the  method  of 
Navier  and  by  using  the  integral  operator  of  S.  N.  Rabotnova  is 
solved  the  problem  of  the  bending  of  rectangular  plate  under  the 
action  of  the  evenly  distributed  load.  Assuming  that  the  process  of 
bulge  is  the  development  of  low  initial  inaccuracies,  A.  G.  Teregulov 
examined  the  stability  of  the  rectangular  plate*  compressed  in  two 
directions.  After  accepting  for  critical  state  the  torgue/aoment  of 
reduction  to  zero  accelerations  of  sagging/deflection,  it  obtained 
equation  for  determining  critical  time. 

The  rheonoaic  properties  of  the  broad  class  of  polymeric 
materials  (glass-fiber-reinforced  plastics,  Textolite,  etc.)  for  the 
case  of  the  moderate  stresses  are  described  by  the  linear 
relationship/ratios  of  orthotropic  and  uniform  material.  Bhen  the 
shift  rigidity  of  plate  or  shells  is  sufficient,  in  the  tasks  of 
stability  during  creep  of  plates  and  shells  of  orthotropic  and 
isotropic  materials  to  admissibly  use  Kirchhof f-Love* s hypothesis; 
however  in  many  encountered  in  practice  cases  the  shift  rigidity  of 
materials  is  insufficient,  in  consequence  of  which  standard  in  the 
process  of  deformation  is  beat,  which  is  led  to  the  need  for  the 
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account  of  transverse  shift/shears  during  the  analysis  of  stability 
of  plates  and  shells.  Deformation  properties  of  sose  polyeeric 
■aterials  at  all  stress  levels  nonlinear. 

Page  256. 

When  us  interests  only  the  stability  of  system  during  its  low 
deviations  from  basic  condition/position*  ve  utilize  the  method  of 
the  variation  of  the  equation  of  deformation  properties,  used  for  the 
first  time  by  Yu.  N.  Rabotnov  and  s.  A.  Shesterikov  [127]. 

In  present  chapter  ve  investigate  the  stability  of  plates  and 
shells  of  orthotropic  material  during  linear  creep  on  the  base  of  the 
refined  kinematic  model  of  the  type  of  Timoshenko  and  will 
establish/install  the  effect  of  transverse  shift/shears  on  critical 
loads*  Let  us  examine  the  stability  of  plates  and  shells  of 
nonlinear- creeping,  initial-isotropic  material  in  cases  when 
reverse/inverse  creep  is  described  by  the  lav  cf  creep  with  loading 
and  when  reverse/inverse  creep  is  described  by  the  lav,  which  differs 
from  preceding/previous.  This  investigation  is  carried  out  by  the 
integration  of  the  different  forms  of  the  function  of  local 
deformations  for  the  appropriate  regions  of  sphere. 


Some  experiments  to  the  prolonged  stability  of  cylindrical 
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shells  of  polyethylene  estahlish/installed  the  applicability  of  the 
obtained  theoretical  relationship/ratios. 


§5.2.  Initial  physical  relationship/ratios,  utilized  for  the  solution 
of  particular  probleas. 


The  defornation  properties  of  the  broad  class  of  polyneric 
■aterials  can  be  approxinated  by  the  relationship/ratios  of  unifora, 
orthotropic,  linear  viscoelastic  Material. 


Page  257. 


in  connection  vith  the  tasks  of  the  stability  of  plates  and  shells 
the  stresses  of  #33  He  disregard;  then  He  are  have  folloHing 
relationship/ratios  (see  for  mu  las  in  chapter  I,  section  1.2.4): 


/ /C,m(/-0)o„(0)d0  + 

I 

+ f ^II22(* — 6)022(0)^0; 

„ 0 

t 

*22  ™ <*221 10|  | + 02222^22  + f Kmi(t-0)ou(Q)d6  + 
0 


f Kim(t  — 0) 


on  (0)d0; 


(5.2.!) 
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*13“al3I30i3  + y*/(i3i3(^”0)oi3(0)^B; 

o 

t 

«23“  <*2323023  + J A2323  (4  ~ 0)  023  (6)  <40. 


or#  after  solving  relatively  o. 


On  “^1111611  +^1122622  — fRnnWnWdB- 
0 

t 

0 

1 

Ojj  "=  ^2222622  + ^221  l®l  l — J A 2222  (4  0 ) 622  (>6  ) <40 
0 
I 

- /*22i.(f-e)eii(e)«fl0; 

0 

I 

012  = ^1212612  f 1212  (4  — ,0)ei2(0)d0: 

0 

1 

013  = ^ 1313613  //?„, 3(4-0)6,3(0X40; 


023“^ 2323623  J /?2S2s((  — 0**23  (0)  <40. 


(5.2.2) 


Tn  uny  in  practice  actual/urgent  cases  with  creep  and  direction 


of  reinforcement  it  is  possible  without  essential  error  to  disregard 
[154#  205]. 
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Page  258. 

If  one  assumes  that  the  direction  of  rein force aent  coincides  with  the 
direction  of  defamations  en  and  tn  froa  (5.2.1),  for  this  case 
there  is: 

eu  = flim°H  + flii220j2 ; 
e22“a2222022  + fl22l!0|l 


I 

ei2~°l2l20|2  + f ^.2.2^-0)o12(.fl)d0; 

<T 

t 

£13  = 01313013  + J Ki3n(t — Q)o  a (.Q)dQ\ 

o 

i 

e23  = u2323023+  J ^2323  ( < ~ 6)  <J23  (0)  d0, 


(5.2.3) 


or  fron  (5.2.2): 
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°ii  — -4inieii  + ^u22e22 ; 

022='^2222e22+^22iien  ; 

i 

CT|2=/l|2|2e|2—  J R\2\i(t~ 


0)e,2  (6)dB\ 


CTIJ  — 1313^13  — J R 1313  (/  — 0)  C| 


s(0)dfl; 


023—^2323*23—  f #2323  (/—  0)  *23 


(0)40. 


(5.2.4) 


For  the  case  when  the  deformation  properties  of  polyeer  can  be 
described  by  the  relationship/ratios  of  isotropic  viscoelastic 
Material,  we  have  following  expressions  (for  the  flat/plane  case) 


«u-£-  (0„-p022)  + J K{t  — Q)  (o„-po22)d0; 

0 

. I 

*22“^-  (022-p0||)  + f K(t  — Q)  (O22-pO||)d0; 
0 

I 

012  + 2(1  +p)  f K(t-Q)a]2dQ, 


(5.2.5) 


or  relatively  a,j. 


Oil*- — //(*!!  + (1*22)  — 7 r-  J R(t  — Q)  (*||  + P*22)d0; 
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021  = | _ H («?•»  + m£i i ) rTr,7r  I ®)  (^22  + neu)d0; 


O U-//  = 


ei2 


1 


2(l+p)  2(l+n) 


/ R (/  — 0)e,2(0)dd. 


(5.2.6) 


Page  259. 

The  nuaber  of  polyaeric  aaterials  possesses  nonlinear 
deforaation  properties  in  tiae,  aoreover  in  aany  instances  it  has 
different  laws  with  loading  and  unloading.’  If  we  are  interested  in 
the  stability  of  systea  only  during  low  deviations  froa  its  ground 
state,  then  it  is  possible  to  use  the  aethod  of  a variation  in  the 
equation  of  state. 

In  the  case  when  the  deforaation  properties  of  naterial  are 
identical  with  loading  and  unloading,  for  an  increase  in  the 
deforaations,  we  have 

^ / f (6yx,vi}+yxl6vit)ds,  (5.2.7) 


where  integration  it  is  spread  to  entire  surface  of  the  spheres  dy» 
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is  increase  of  the  function  of  local  deforaations ; 6vtJ  is  increase  of 
weighting  function. 

por  a naterial  with  different  properties  with  loading  and 
unloading,  we  have  for  increases  the  following  initial  dependence: 

if  Wy«v‘i+V«t>v*j)ds+i  f f (tyxiVij+6 v,~yxt)ds. 

a-  * 8 

(5.2.8) 

Here  the  first  integral  is  spread  to  the  region  of  sphere  S<+>,  where 
it  is  fulfilled  the  condition  of  additional  charge,  by  the  second  - 
to  region  S'  with  unloading. 


§5.3.  Stability  of  isotropic  plate. 


Let  us  examine  the  rectangular  plate  with  initial 
sagging/deflection,  aanufactured  froa  isotropic  viscoelastic 
polyaeric  aaterial,  which  is  subordinated  to  relationship/ratios 
(5.2.6).  Plate  is  coapressed  in  two  directions  and  on  it  affect 
tangential  forces  along  outline/contour. 

Page  260. 


Let  as  introduce  the  coaaon  assumptions  of  the  technical  theory 
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of  the  bending  of  the  plates: 

a)  the  totality  of  the  points,  which  lie/rested  up  to  the 
deforaation  of  plate  on  any  straight  line,  perpendicular  to  aedian 
surface,  reaains  on  straight  line,  noraal  to  this  surface  and  after 
the  deforaation  of  plate; 

b)  are  disregarded  noraal  stresses  of  «33  cn  the  pads,  parallel 
to  aediua  plane. 

The  coordinate  plane  XOY  let  us  count  the  coinciding  with  aediua 
plane  plate,  and  z axis  it  is  directed  down. 


Coaaunication/connection  between  deforaations  and 
sa gg in g/de fleet ions  with  the  adopted  assuaptions  of  the  technical 
theory  of  the  bending  of  plates  takes  the  fora: 
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If  we  sue  up  elementary  torque/nonents  fro*  an  entire 
height/altitude  of  plate,  we  will  obtain  connunication/connection 
between  torque/nonents  and  conponents  of  the  deformations  of  nedian 
surface: 


/ d2w  d2w  \ „ f „ I d2w  d2w  \ 

M-~ BH ( S*+»W I +B / V a*  -*SF )i8; 


M 


*ir 


f R(t-Q) 


(5.3.2) 


d2w 

dxdy 


d0; 


fl. 


/i2 


>2(1 -p2) 


The  equations  of  the  equilibriun  of  the  plate  on  which  affect 
tangential  forces  and  compressive  forces  in  two  directions  and  which 
has  initial  curvature,  acquire  the  following  known  form: 


d2Mx 
ox 2 


-2 


d*M 


*n- 


cPM, 


dxdy  dy1 

l &(w0+w)  , „ <?2(^o  + tf)  „v  <*2(tt\>+t»')  \ 5 3 3. 

+ ^ d* 2 xv  dxdy  I'  (5’3,3) 


where  w0  - the  initial  bending  of  plate;  Nx,Ny  nn4  Nx„ 
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coapressive  and  the  tangent  of  ef f ort/f orce. 


Page  261. 


After  substituting  in  the  equation  of  equilibriua  (5.3.3)  values 
obtained  above  of  torque/aoaents,  according  to  (5.3.2),  after 
conversions  we  will  obtain  the  equation  of  the  flexure  of  the  plate 


f 

(d4w  d*w  dAw  \ r r d4w 


t i 

r d*w  r dAw  l 

+2/  J l5-3-4* 


dy 4 


— [nx 


d2(w0+w)  d2(w0+w) 

iV, 


dx 2 


dy 2 


— 2M 


d2(w0+w) 


*v 


dxdy 


)■ 


let  us  assuae  that  the  initial  sagging/deflection  of  plate  is 
deterained  by  the  equation 


V*  mm  . nny 

w°“  a""SIn— - — sm-^z‘ 
m- 1 n - 1 


(5.3.5) 


where  a and  b are  lengths  of  the  sides  of  plate. 


The  solution  to  the  equation  of  sagging/deflections  with 
constant  external  loads  let  us  search  for  in  the  following  fora: 


V V a ,4*  i mjix  ■ n*y 

w-  /,  yi  i4mn(/)  sm  — — sin  — 

Bi“l  B-l 


(5.3.6) 
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the  equation  of  the  sagging/deflections  of  signs 

OO  OO  oo  00 

^ ^ m'A""'W+2BH4ri2,  2,  «*»,'»«n(/)  + 

m • I n • I m - I n - 1 

+ *«(  t 12  2 2 2 

m-l  n-l  m-1  n-l 

f oo  ao 

x//?(-'-O)/lm„(e)d0  = A/I(^)2^'  ]?  m*[i4m.(0+fl»J+ 

n m- 1 n-l 

oo  oo 

n~  [^mii  (/)  +flm«]  + 


m-|  n-l 


oo  oo 


+ ^ ^ nl,l[amn+Amn(t)]cig ~ctg-~ 


tn  - 1 n-l 


(5.3.7) 


Fox  deter  lining  any  coefficient  Amn(i)  series  (5.3.6 
accept  nucleus  in  the  fori  of  exponential  dependence,  son 
utilised  for  description  creep  of  the  polyieric  laterials: 


H-E  *«-*> 

K{t-6)-lj£e 


(5.3.8) 


The  resolvent  of  the  taken  nucleus  it  Mill  be 

(5.3.9) 


R{t^^JLzL~ 


the  fori 


) let  us 
tiles 


f 
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Under  these  assumptions  for  deternining  coefficient  Amn(i ) 
obtain  the  following  differential  equation: 


we 


where 


ot ( N mu " — Nmn)Amn (I)  + ('V,ni|^  — N nill ) Alim (/)  Nmnomn  — 0,  (5.3. 10) 

)’+(£)  ’f: 


b ’ 
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During  satisfaction  of  condition  Nmu<Nmn&  the  rate  of  the 
increase  of  sagging/deflections  in  tine  attenuates,  when  Nnna<Nmn<Nmn* 
the  velocity  of  sagging/deflection  grow/rises,  when  AUn-Wm„M  the 
sagging/deflection  go«s  to  infinity  with  t = o,  when  /Vmn«jVmn.a  the 
sagging/deflection  grow/rises  at  constant  velocity. 


§5.4.  Stability  is  circular  cylindrical  shell  of  orthotropic  naterial 
during  creep  with  the  use  of  a kinenatic  nodal  of  Kirchhoff  - Love. 


Me  will  consider  a round  cylindrical  shell,  coapressed  along  by 
the  forning  constant  force  N10.  The  properties  of  naterial  (in 
plana r-stressed  state)  let  us  accept  in  sore  general  view,  than  in 
the  preceding/previous  paragraph:  let  us  assuac  that  the  shell  is 
aade  froa  orthotropic  naterial  according  to  dependences  (5.2.2). 


At  zero  tine,  let  us  give  to  shell  disturbance/perturbation  in 
the  fora  of  low  initial  sagging/deflection  of  the  axisyaaetric  fora: 


. . mnx 
iti  — f sin  — ; — 


(5.4.1) 


it  is  investigated  the  further  behavior  of  sagging/deflection.  The 
state  of  shell  will  be  stable,  if  initial  sagging/deflection 
decreases,  and  unstable,  if  initial  sagging/deflection  in  tine 
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unlimitedly  increases.  Since  sotion  during  the  creep  of  the  saterial 
here  sufficiently  slow,  inertial  forces  we  disregard.  In  the 
disturbed  state  for  a shell  besides  physical  relationship/ratios 
(5.2. 2)  we  have  equations  of  equilibrium  and  consistency  of 
deformations  (with  Kirchhof f-Lowe* s taken  hypothesis): 


&Mt  „ d2H  &M2  d2w  No 

dx2  +2d^dy+  di /*  ~ 

diel  d‘1t2  (f2^  1 d2w 


dy-  dx2  dxdy  R dx2 


= 0. 


(5.4.2) 

(5.4.3) 


Let  us  introduce  the  function  of  the  stresses 

N'-°*h-Ty r-  (5A4) 


Page  264. 


Since  the  fora  of  the  bulge  of  shell  is  axisyaaetric, 
ef fort/forces  in  (5.4.2)  depend  only  on  coordinate  z.  For  B,  we  have 
the  expression 


O.SA 


..  f . h3  d2w  . h 3 d2w  h 3 f _ 

a^*~-A"T2l*~A'*l2W+n‘J  Rn(t~Q)x 

t 

d2w  /i3  f d2w 

X-S^“6+l2J  <5*'5> 


It  is  here  taken  into  account,  that 

Ox* 

are  accepted  the  matrix  notations  of  iaiices. 


•ii- 


-2z 


dxdy 
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Proa  (5.4.2)  we  obtain 


1 <^q> 
~R~dx* 


An 


d4w  h 3 
~dx4"l2 


h3  r d*w  d3w 

“12 7 /?"(/-e)djrd0+Ar'° IF- 


(5.4.6) 


Accepting  Bl(  (t  - 9)  in  the  fora  of  exponential  Rai(t  - 6)  * 

1-9 

V«u  X/t*ue  »..  , I pass  froa  integral  equation  (5.4.6)  to 

differential: 

1 • 1 • h3 

£ *Pxxxx  + ^ ^ <P*Axx  A 1 1 Zi'jcxxxxx  “jg N loJfxxxx  ~ 

h3  1 

~ 1 ] | 1 * ~ ^ 1 1 ) t^xxxxx,  ~ — — N io Wxxxx  = O'  (5.4.7) 


Utilizing  further  in  the  equation  of  the  consistency  of 
deforaations  (5.4.3)  physical  relationship/ratios  (5.2.1)  and 
introducing  the  function  of  stresses,  v«  have 


O 23  d*ff  1 

h - dx4  + h 


/ *«(*-0)-??-de+  1 


d-w 


dx4 


R dx 3 


= 0. 


(5.4.8) 


Is  here  considered,  that  with  axisy metric  fora  all  variables  depend 
only  on  coordinate  x. 


Proa  this  equation  with  (t  - 0) 
differential: 


I . 

— a e <*• 
an 


and  pass  to 


• • 
djf  h daw  h d2u> 

dx4  a **ajj  dx4  Ran  dx 2 R dx1  0‘ 
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Eliaiaatiag  froa  equations  (5.4.7)  and  (5.4.9)  # and  taking  into 
account  that 


d*w  . I mn  \6  . mnx 

»»-r : 

, / mn  V • mnX 

_./!—)  sm— ; 

(^U)  . / m«  \2  . mnx 

_ — s,n  — , 


for  f aa  obtain  tha  equation 

fla/  + fli/  + ao/-0, 


(5.4.10) 


(5.4.11) 


ahara 


rtll  (°*M  + Um)  —022^22  1-  11  12  ' / • 

‘•mw,  [0+T?*('4" -<<•.,)  (t)‘-W.(t )1  • 


a2ja2jrjM  [ 

A3 

/? 

nll  (U*2J  + flj2)  — aj2a22  !■ 

12 

"n 
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The  general  eolation  of  equation  (5. a.  11)  will  be 

/ — Cier,*  + C2e,>‘ , (5.4.12) 

where  rt#t  are  roots  of  the  characteristic  equation 

aj/^+air+ao—O.  (5.4.13) 

C | and  C2  are  deterained  by  randoa  initial  sagging/deflection 
aad  its  speed.  So  that  the  aaplitude  f of  randoa  sagging/deflection 
in  the  course  of  tiae  would  vanish,  it  is  necessary  that  all  roots  of 
characteristic  equation  (5.4.13)  would  have  negative  real  parts. 

Page  266. 

Hhole  root  of  equation  a0  ♦ a,  r ♦ a2r*  ♦ ...  ♦ anrn- 0,  according  to 
the  criterion  of  Gurits,  will  have  negative  real  parts  only  if  all 
deterainants 

at  a0  0 
at  at  ... 
flj 

are  positive.  For  (5.4.13)  this  coaditioe  will  take  fora  aD  > 0,  at  > 
0,  ata2  > 0 or  last/latter,  since  at  > 0 it  is  possible  to  replace 
with  condition  a2  > 0. 


■ 
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After  coaparing  coefficients  a , and  a0  and  talcing  into  account 
that  <4ii'a«<4n-,4*ii</i,,i  we  are  convinced  of  inequality  a,  > a «. 
CoiMfMitl;,  it  suffices  to  exaaine  condition  a0  > 0.  Proa  the 
latter  we  obtain  the  liait  cf  the  prolonged  stability 

<54'5) 

where 

<4n,a— <4n  — i4*u  ; fl*ra’*a’n+CJ2i ; X” — - — . 

Thus,  if  the  applied  to  shell  effort/fcrce  Nl0  is  less  than  the 
Unit  of  prolonged  stability  N[0a.  ' that  state  of  shell  stable, 
since  the  low  randon  initial  saggiag/deflection  in  the  course  of  tine 
disappears. 
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§5.5.  Special  feat ure/peculiarities  of  the  Mechanical  properties  of 
glass- fiber- reinfo reed  plastics  and  their  effect  to  choose  fro*  of 
kinematic  model  during  the  calculation  pf  plates  and  shells. 

. 

The  examined,  until  now,  problems  are  solved  with  the  use  of  a 
hypothesis  of  undeformable  standards;  however,  the  limits  of  the 
applicability  of  this  hypothesis  in  the  case  of  anisotropic  materials 
must  be  establish/installed  especially. 

Page  267. 

By  the  basic  special  feature/peculiarity  reinforced  plastic  is 
the  anisotropy  of  their  deformation  properties  with  low  shift  cruelty 
both  in  the  plane  of  layers  of  the  reinforcing  fabric  and  between 
layers  of  fabric.  Because  of  tjiis  the.  standard  of  cell/eleaent  in  the 
process  of  bending  does  not  remain  rectilinear,  but  curves.  As  shown 
in  some  works  [175,  186],  for  real  constructions  made  of  oriented 
fiber  glass  plastics  of  the  ratio  of  Young's  modulus  to  shear  modulus 
they  can  be  such,  that  even  for  engineering  calculations  failure  of 
the  hypothesis  of  the  undeforaable  standards  becomes  necessary. 
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Direct  measurement  of  the  bending  cf  the  cross  sections  of  rods 
from  the  oriented  glass-fiber-reinforced  plastics  with  elongation  and 
bending  is  carried  out  in  work  [175],  where  on  the  basis  of 
experiments  is  shown  the  need  for  tne  calculation  of  rods  from  these 
materials  on  the  refined  formulas  without  the  use  of  the  simplifying 
hypothesis  of  flat/plane  section/cuts. 

(recently  in  Soviet  and  foreign  authorsfs  works,  is  given  much 
attention  to  the  explanation  of  the  real  character  of  the 
stress-strain  state  in  shells  and  plastics  withcut  the  use  of  the 
simplifying  hypothesis.  Kirchhoff-  Love.  One  Of  the  approaches  in 
this  direction  consists  in  the  application/use  of  strict  mathematical 
methods  [216-219],  by  the  second  is  based  on  the  construction  of  the 
two-dimensional  theories  of  shells  and  plates  during  the  use  of 
kinematic  hypotheses,  less  rigid,  than  kirchhoff- Love's  classical 
hypotheses.  By  this  method  it  is  possible  to  obtain  not  the  too 
ccsplex  equations,  which  yield  to  working  and  resolution  in 
concrmte/specif ic/actual  engineer  missions. 

The  first  successful  kinematic  model,  coming  out  beyond  the 
framework  of  classical  hypotheses,  was  shear  model,  S.  P. 

Timoshenko's  used  as  early  as  in  1921  to  the  task  of  transverse 


DOC  = 77231302 


PAGE  -=r 


vibrations  of  beans  [299].  According  to  this  aodel,  the  standard  in 
the  process  of  deforaation  remains  rectilinear,  but  nornal  to 
deforned  nedian  surface. 

Inportant  space  toward  the  generalization  of  the  classical 
theory  of  the  bending  of  plates  was  conducted  in  1944  by  Te.  Beyssner 
[300],  who,  on  the  basis  of  the  seai-inverse  aethod  of  bringing, 
assigns  the  linear  law  of  distribution  according  to  the  thickness  of 
the  normal  part  of  the  stress  tensor. 

The  possible  generalization  of  Te.  Beysssner's  works,  is  shown 
in  A.  L.  Gol  'denveyzer  • s articles  [220]  and  L«  la.  Aynola  [221]. 

Other  theories  of  the  bending  of  plates,  which  consider  shearing 
strains,  were  pushed  forward  by  B.  F.  Vlasov  [222],  g.  Genkya  [301], 
by  A«  Krona  [ 302],  P.  Hakhdi  [303]  et  al. 

Page  268. 

S.  A.  Aabartsuayan  [223-225]  during  the  construction  of  the 
generalized  theories  of  anisotropic  plates  and  slightly  curved  shells 
also  proceeds  froa  the  seal-inverse  aethod  of  bringing,  however, 
unlike  Te.  Reyssner,  it  will  assign  the  law  of  a change  in  shearing 
stresses  in  thickness. 
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The  further  development  of  the  variation  of  the  theory  of  shells 
of  Timoshenko's  type  we  find  in  N>  P-  Sheremetyevo  Airport's  works 
[226],  1.  Ya.  Aynola  [ 227]  and  others.  I placed  question  about 
obtaining  within  the  framework  of  this  theory  of  the 
relationship/ratios  of  the  joint  of  deformations.  The  final  version 
of  these  relationship/ratios  is  given  in  [228#  229  ]. 

Subsequently  during  the  investigation  of  the  effect  of  lateral 
flexures  on  the  stability  of  plates  and  shells#  we  utilize  the 
kinematic  model  of  Timoshenko's  type#  developed  in  articles  [230-232] 
as  sufficiently  acceptable  for  application/use  in  engineering 
calculations. 

During  the  analysis  of  stability  of  plates#  we  will  use  also  the 
developed  in  [231]  unified  model  of  Timoshenko's  t*pe,  which  makes  it 
possible  to  satisfy  some  conditions  on  the  boundary  planes  of 
plate/slab  z * ±h. 


A 
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§S.6.  Geometric  and  static  relationship/ratios  for  shells  with  the 
use  of  a kineaatic  model  of  Tiaoshenko's  type. 

Let  us  exaaine  shell  by  the  thickness  2h  whose  aedian  surface  is 
assigned/prescribed  by  equation  r * r («,  0) , where  a,  0 are  Gaussian 
coordinates.  To  each  point  of  n«dian  surface  n (a,  0)  corresponds 
trihedron  of  unit  vectors  *<<«>.  t(3)  — tangents  tc  a and  0 lines*  n — 
the  vector  of  standard.  Let  ns  accept  the  following  kineaatic  aodel 
of  the  deforaation  of  the  shell:  let  us  consider  that  the  rectilinear 
filanents  of  shell,  noraal  to  aedian  surface  up  to  deforaation, 
rcaaia  rectilinear,  also,  in  the  process  of  deforaation,  without 
experience/testing  over  their  entire  length  of  elongation  and 
coapressions,  but  they  do  not  reaain  perpendicular  to  deforaed  aedian 
surface.  This  hypothesis  aakes  it  possible  to  consider  transverse 
shift/shears  which  is  necessary  for  glass*- plastic  shells  in 
connection  with  their  low  shift  rigidity.  First  this  hypothesis  is 
proposed  in  S.  P.  Tiaoshenko's  works  [299]  and  later  it  is  developed 
by  other  authors  [ 227-232,  300-303]. 


#2 

PAGE 


On  the  basis  of  the  taken  hypothesis  of  the  coaponeat  of  strain 
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of  shall  od  equidistant  surface,  are  copnected  by  coaponents  of 
strain  ia  aedian  surface  by  tie  celationship/ratios: 


where 


Page  269. 


f aa  " 1 2X  i,  € ft(J  t 

C ap  * ^ 1 't'  212  , € an  “ ^an  * ^ 0 n “ » 


2 fy*  , 1 dA 

A da  + AB  ~dfiyv  ' 


Vn  SB 

1 dy. 

,+_Ll 

dB 

B dp 

+ AB 

da  Yli 

Ti  * 

Y* 

dA  l 

dyv 

• 1 

AB 

dp  +A 

da  • 

t2- 

Yv 

dB  l 

Byx 

AB 

da  + B 

dp  ; 

1 

dw 

€<xn  = 

= V‘+A 

da 

1 

dw 

~df- 

(5.6.1) 


l«[«  Vx  and  y»  — are  angles  of  rotation  of  noraal  filaaent  in  plaaea 
Md  f>n- 


For  strain  in  aedian  surface,  we  have  in  the  case  of  the  tasks 
of  stability  tie  following  equation  of  tie  consistency  of  the 


strains: 

ab( 

Hi 

)-AB 

[_L( 

1 

Otan 

dA 

\ + 

* i 

K, 

L ft,  \ 

A 

da 

+ AB 

dp 

+_L| 

> 1 

df(Jn 

fan 

L 

d»eap 

d 

_i_  r. , . 

r*«> 

dA 

■ B 

dp 

H 

CD 

do  / J 

T 

dadp 

da  1 

dp 

+ 

Baa 

dB 

l ^(A^») 

-I 

d 

r«»* 

dB 

A 

da 

A 

do 

j 

+ dp 

l fl 

da 

dA 1 d(Aeaa)  1 

+ B dp  B dB  J; 


on 


(5.6.2) 
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Qntil  now,  ace  given  the  relationship/catics  of  the  linear 
theory  of  shells,  which  aake  it  possible  to  investigate  stability  "in 
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low".  The  coaplete  solution  of  the  problea  of  stability,  which 
involves  approach  to  it  "in  large",  can  be  given,  as  is  known,  only 
froa  the  positions  of  nonlinear  theory. 


Let  us  give  the  fundaaental  principles  of  theory  of  Tiaoshenko's 
type,  which  relate  to  the  shells  of  large  sagging/def lection.  Let  us 
proceed  froa  the  siaplified  version  in  which  the  shell  is  considered 
slanting,  at  least  within  the  liaits  of  separate  dent.  Let  us  accept 
therefore  A * B * 1.  The  initial  curvatures  of  sedian  surface  let  us 
designate  through  kt  * 1/B»  and  k2  3 1/H 2 and  accept  then  for  this 
section  of  shell  as  constants. 


Let  us  relate  aedian  surface  of  shell  to  orthogonal  Gaussian 
coordinates  a and  p.  For  strain  in  equidistant  and  Biddle  surfaces 
for  the  taken  aodel,  we  have  following  relationship/ratios  [226, 
229]: 

‘,aa“eu+*X| ; e up  = eM  + *xj ; 

+ ejn-tjj,  (5.6.4) 


where 


du 

ov 

*2J  “ ~rr  + hw  + 
dp 


1 ( dw\* 

-!_  (—  V 

2 \ dp  / ’ 
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du  dv  dw  dw 

• dp  da  da  dp  tangential  strains;  eu=Y«+-r-.  e»s  = Y»+-^- 

da  dp 

shearing  strain;x  =^L  Xj=^? , x„=-^r+-ir  — the  strains  of 

da  dp  dp  da 

nedian  surface;  u#  v#  w - the  displacenent  of  the  points  of  nedian 
surface  in  directions  a,  p,  z,  correspondingly,  a Ya  and  Y»  — the 
angles  of  rotation  of  standard. 
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For  by  strain  in  nedian  surface  are  kncwn  four  equations  of 
joint  [229]  froa  which  for  the  tasks  of  stability  it  is  substantial 


U ..  , h 1f  * . ^-'*11  , ^eM  t dej,  t de,s 

«iX}  + «2X|  — ■ —4 — -r— — + — — *.  — — — ■ 

dadp  dp-’  da2  dp  da 

w). 


(5.6.5) 


where 


f d2a»  cfiw  / dlw  \2 1 

Z.(».»)-2[— — J: 


k'-y  ‘-*77 


Irani ning  glass- fiber-reinforced  plastic  as  uniforn,  orthotropic 
aaterial  and  disregarding  its  creep  in  the  direction  of 
reinforcenent,  we  have  following  physical  relationship/ratios 
(5.4.2) : 


J 


1 
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Oii“'4im*u+'4 1122^22 ; 022^2222*22  + <4  2211*11  ; 

i 

T|j  = /1|2|2S|2—  J -^?I2I2(^  — O)fii2(0)^B| 

0 

I 

ti3  = A,3l3ei3—  J R\3\3(t  0)^i3(0)d.0;  ^ ^ 

o 

« 

T2S”  A 222*^23—  f #2222 (t  — 0) *22  (0) d0- 
0 

After  integration  (5.6.6)  for  the  thickness  of  shell  ve  obtain 

following  expressions  for  effort/f orces  and  the  toraee/soaents: 

Ti  — 2A  (A  1 1|  id  i + A 11*2*22) ; 

7’2“2/i(j42222*22  + '422|I*h);  (5.6.7) 

i 

S = 2/i/4|2i2ei2  — 2/i  J R 1212  — 6)ei2(0)^O; 

0 

2/13/  dv«  dv»\ 

«--K"  *+*■"*>• 

# I 

Ql=-4|Jlj2/l(Ya  + -^-)-2/l  ( Ya  + ~r— - ^ </0;  (5.6.9) 

P>9.  272.  («+-^ ) -2*  / W-6)  („+^-  )dd. 

Bff ort/forces  and  torgue/sonents  are  oust  satisfy  the  equations 
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of  the  equilibriun: 

dQi= 

dp  = 

(5.6.10) 

(there  q - transverse  load;  Tlo,  Tx0,  S0  - subcritical  aoieat-less 
effort/forces. 


df,  dS 
do  + dp 


d7,  dS  „ 
dp  + do  “°: 


I >.  . d2w  \t  . I u , d*w  \t  , dQ' 

\ kl+~dtf  lTl+  \k2+-d&lT2+2Sd^  -nr~ 


dp: 


dadp  da 


d-w  _ d2w  d2w 

-T\o-rT+Tio-^r  + 2S  — +</; 


do2 


dp2 


dadp 


dAf,  dtf  ^ dM,  dtf  . 

-*r+-ar'<J''  -ar+“Q- 


usual* 


let  us  introduce  the  function  of  the  voltage/stresses 


— T— ~ «: 

dp2'  *“  da2  ' “dadp  1 


(5.6.11) 


Systen  of  equations  (5.6. 10)  and  the  equation  of  consistency 
(5.6.5)  then  with  the  use  of  relationship/ratics  (5. 6. 6)  - { 5.  6.  9)  is 
reduced  to  the  following  final  fora: 


It.  . \ U . d2*  \ d*F  n d*F  d*w 

' l+  do*  ' dp2  + dp2  / da2  2 dadp  dadp 


— y4|j|j2/(X 


X 


Q 
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d-w 

1 T 10  — r~r+  ^20 


o 

d-w 


„„  d'-w 
+2So  — — —+  d; 


da*  “ op*  “ dadp 
2/1  / 1 °V  , , ^ \ , « 2*3/  d>Y;  ^ ^ 


2h3 


dadp  / ' 3 ' op*  ' dadp 

, (5.6.12  ,a,b,c,d) 


— 2h  J — 6)  (yo+"^  )d0; 

2/13  ( l ^,1  ***  ^ ■ • 2/13  / d2V“  . *Yl»  \ 

3 \A™-w+A""  1^/  +-4'^  — \ d^dp ) ~ 


2h 3 
3 


/*.i.t(f-0)  (■^  + ^)d0  = ^S3M2/1(Yp+-^-)- 


;p 


— 2/i  J"/?23m(/-0)  ( Yi/  + —^r)  ^0; 


dp 

I.  d«F  1 d<F  /o  1 d4F 

**NII  — ~^r  + 02222  7^7  ~rT  + (2fl22ll+a|2l2) 


2/i  dp<  ““  2/i  da4  ' 2h  da*dp* 

i 


d-’w  d-’w  1 /"  , 

“ ’ d^"*J  d^'  + '2 kJ  K'2'l{t~ 


da*  2/i 


d4F 

"6)da*dp*  d9  = 


— Z.(w,w). 

Diangudiag  la  (5.6.12)  nonlinear  terns,  so  obtain  the  Hatching 
systea  of  the  linear  equations  of  the  stability  theory  of  anisotropic 
•holla  taking  into  account  the  strain  of  transverse  shift/shears. 


the  nonlinear  and  linear  resolving  systeas  of  the  stability  of 
plates  ss  sill  obtain  respectively  sitb  k(  » kt  « 


o 
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§5.7.  Relationship/ratios  of  the  stability  of  orthotropic  plates  oo 
the  base  of  the  generalization  of  Tiaoshenho's  kinenatic  aodel. 


Let  us  generalize  the  obtained  above  results  and  use  to 
stability  analysis  the  theory  of  plates,  which  makes  it  possible  to 
satisfy  some  conditions  on  the  boundary  planes  cf  plate/slab. 
Following  [231],  let  us  record  the  basic  kinesatic 

relationship/ratios  of  the  theory  of  plates,  which  considers  not  only 
rotation,  but  also  the  bending  of  standard. 

Let  us  examine  plate  by  the  thickness  2h  whose  medium  plane  is 
referred  to  the  orthogonal  system  of  coordinates  x,  y.  Let  us  assume 
that  the  filament,  normal  to  medium  plane  up  to  strain,  in  the 
process  of  deformation  is  turned  and  is  bent,  without 
experience/test lag  shortening  and  elongation  (i.e.  normal 

stresses  a,  are  considered  low  in  comparison  nith  other  stresses.  In 
this  field  of  the  displacement  of  platc/slab,  we  determine  by 
formulas  [231]: 

u-u°+zyx°+z*uT  + Z*yxT ; 
v - + ry,°  + + z*Y,r ; 


(5.7.1) 
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Bar*  y*°  and  y*°  — are  angles  of  rotation  of  filaaent  in  planes  xz  and 
as  at  tke  level  of  median  surface.  If  we  the  indicated  dependences 
are  restricted  linear  relative  to  z to  teras,  we  will  obtain  the 
variation  of  the  theory  of  S.  P.  Tiaoshenko's  type  [231],  according 
to  whoa  it  is  accepted  that  the  noraal  filaaent  in  the  process  of 
deformation  remains  rectilinear#  but  normal  to  aedian  surface. 
Coefficients  “r.  *>T.  v*r.  y/  let  us  deternine  from  boundary 
conditions  [231]. 


•y  satisfaction  to  boundary  conditions  for  shearing  stresses 

(5.7.2) 

we  obtain  following  convenient  formula  for  coefficients  indicated 
above  in  the  case  when  shearing  stresses  on  the  lateral  surfaces  of 


to 

sero 

C231]s 

l , 

( dw0  \ 

0; 

y*t- 

3/t2 

(Y‘  + * )• 

1 i 

f dw»  \ 

vT — 0. 

Y,r- 

“ ~3h^ 

iY»,0,+-a7)- 

(5.7.3) 
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In  work  [231]  ace  obtained  the  expressions  of  the  indicated 
coefficients  also  for  the  case  of  assignaent  on  the  boundary  planes 
of  the  tangential  components  of  displacement,  also  nixed  boundary 
conditions.  However,  these  expressions  subsequently  we  will  not  use. 

The  given  formulas  show  that,  unlike  the  classical  theory  of 
plates.  Kirchhoff,  here  the  tangential  displacements  u,  v of  the 
arbitrary  point  of  plate,  removed  from  medium  plane  along  the  normal 
up  to  distance  z,  generally  depend  on  z nonlinear.  He  note  also  that 
unlike  the  classical  theory  of  the  thin  Plates  here  the  attachment  of 
all  points  of  middle  plane  (for  the  target/purpose  of  the 
non-admission  of  any  displacements  and  rotations  in  space)  does  not 
lead  plate  to  the  state  of  undefornafcle  body. 


Utilizing  the  obtained  above  expressions  fcr  displacements  we 
obtain  the  relationship/ratios  of  strain  in  the  equidistant  plane: 
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z3  / dyx  d-w  \ 
— \-r-  + ^~2 


3liJ  ' ox  dx2 

z3  / dvv  d2®  \ 

^ = eSJ  + zx2-— ^ — — j; 


(5.7.4) 


t?x„  = ei2  + 22X)2-  ■—  ( 


il(^L+^.+2. 


3/j2  ' di/  dx 


^ = e,3  (‘  - -^  ); 


where 


1 

S-l  N 

Iv  1 

d«  1 / 

dio  y 

*"  dx+  2 ' 

dx  / ’ 

do  1 / 
822='dy+“2  ' 

dto  y 

dy  / ' 

dw  do 

dio  dto 

_j_  . 

8,2  dy+  dx 

dx  dj/ 

6|3  = Y*  + ' 

er“Y»+- 
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on  the  strength  of  assuaptioe 


.^dw^n  ee  Mill  obtain 
•*  di  0 


i. e.  just  as  in  the  classical  theory  of  plates,  the  displacement  of 
any  ppint  of  plate  in  the  direction  z does  not  depend  on  z and  for 
all  points  of  this  nornal  cell/elenent  equal  tc  the  nornal 
displacement  w at  the  appropriate  point  of  aediua  plane. 

is  physical  relationship/ratios  let  us  accept  expressions  for  an 
orthotropic  Material  with  rheononic  properties.  Hill  be  here  taken 
into  account  as  earlier,  only  shift  creep  ot  interlayer  shift/shear 
and  shift/shear  in  the  plane  of  layers  of  the  reinforcing  fabric.  In 
this  case,  it  is  accepted  that  in  the  fiber  direction  creep  froa 
normal  stresses  is  absent  (5.2.4). 


Calculating  the  values  of  internal  effort/forces,  during  use 
(5.2.4)  we  will  have: 
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Here 


Ox- 


3 : 


* 3 ’ 3~  ; 

3 


2x4 1 m/i3 

° ' 3 ’ 
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Otiliziog  further  an  equation  of  equilibriua  (5.610)  and  of 
consistency  (5.6.5)  with  k,  * k*  * o and  introducing  the  function  of 
stress  F by  foraulas  (5.6.11),  we  will  obtain  in  sunaation,  the 
following  resol  wing  equations  of  task: 
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d2w  d*F  d2w  &F  d 2w  d2F 

dx2  dy2  + dy2  dx2  2 dxdy  dxdy 


_ d2w  _ d'2w  d2w 

■T'.o-^+r.o— +25o-^+.?; 


T"  {[t('4i,“'SL+/4,2124^)  + (/l22,1+/1|2,2)'S']- 
-Tt/1",,“S"+(2i4,2,2+/l2J,l)'^^]}  “ 


3 , ' L 5 \ dy 2 ' dxdy  / 5 dxd^  J ” 

(5.7.7) 

4 / da;  \ 4 f / dw  \ 

=t^isu-j7»(  V*+-^j- ) “ “3*^  J 7?i3i3(/  — 0)  ( Y*  + -^~  )rf8; 

J 0 

~ir  {It(a™2^+a,3,'-%*t)  + (/1i2i2+j422,,)£^'  ] " 

f 

1 r <*Kr  d»w  1 1 2fc#  ^ 

-TMm2^+(2W*22,,)'^l  / “T”/  *,2,2(<“ 

J«(^,  *Y.  \ 2 *»  1 

l 5 ' dxdy  dx2  > 5 dx*dy  J 

~A”*T  **»*(t-6)(v,+-^)de, 


d*F  d*F  d*F 

a> 11 " 1 1 + °2222  ~d^ + (2a™ 1 + l a' l2,j) d^  + 


--y  Z.(a>,a>).  ^ 


~ 1 
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equations  (5.7.7)  coapose  the  coaplete  resolving  systea  of  four 
istegrodif feraatia 1 equations  of  relatively  three  unknown  functions 
ft  Y*>  Y»- 

For  the  linear  case,  eliaiaatiag  nonlinear  teems,  we  will  obtain 
relative  to  three  functions  w,  y*.  y»  the  follcwing  systea: 

-» (*+-£)•-  /<*«-•>(»+■£-)' .-*r±S^-L ; 

+ <D'+20'-’wl  - 4s  f - 

~ T'45f)''°-C|,‘(v.+^)  + / B, .•(<-*)  (v.+ 

+ — — )</e-o. 

an  • 


(5.7.8) 


I 

k 
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Here 


S'B 

PAGE  -a*' 


CiJo  = _/lGiS  (I—  1.21. 


Equations  (5*7.8)  coapose  the  coaplete  resolving  system  of  three 
integroiiffereatial  equations  of  the  relatively  three  unknown 
functions  y*.  Y».  limitedness  of  which  in  time  determines  the 
stability  of  plate. 


During  the  solution  to  concrete/specific/actual  boundary- value 
problems  to  the  resolving  integrodif ferent ial  equations  of  plate,  one 
should  connect  boundary  conditions. 

For  example,  in  the  particular  case  of  hinged  support  for  edges 
boundary  conditions  are  satisfied,  if  unknown  function  with  the 
following  fora: 


sin  — sin  — ; 
a b 

V*“JCi  (t)  cos  — Sin -2^; 

a b 

sin  — cos  — . 
a b 


(5.7.9) 
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Taking  into  account  (5.7.9)  systaa  (5.7.8)  uill  taka  the  fora 

a.i/(0  +«.«.(/)  +a1,x1(/)+y/„+y/„--yv(-l)2  (/+/,); 

<W(0 +“22X1  (0 +“23X2(0  + y fl/u  + /is  = 0;  (5.7.10) 

flji/(0  +“32x1(0  +^33X2(0  +-r~fl02  + /j3=0, 

5 (2 


where 


1 

/.3-  rc,3°(/-e)  [Xi(8)+— ft6)  ]d0; 

0 

I 

03=  /c23 (/-0)[x2(0) +-5-/(8)  ]d0; 

I 

‘-Jteu-vUiyvm+Zum-gLM]* 


4 . - 


G,3o(/-0)  = — /iG(/-6)  ' (1  * 1 , 2) ; 


~H  d*(  7 )’  ■ + <0' +2D-->^  ] -7  Orf  i 

-{[o'(t)+d->(t)’]-0"‘< 

aa--£iD,+D„)J±; 

“*'  ~HD-(v  )‘+(0,+20..|-^-  ] - f G„. ; 


“l2=--CIJ0;  fllJ=_^.G2Jo. 
flh2- 


“J2““i»; 


i 
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Thus,  we  will  obtain  the  systea  of  integral  equations. 

Hereditary  function  nust  be  accepted  in  accordance  with  experinents 
on  the  analysis  of  the  deforaatiop  properties  of  aaterial.  The 
stability  of  plate  is  deterained  by  liaitedness  in  tiae  f(t),  X'(0 

aad  xi(0.  that,  in  particular,  can  be  investigated  with  the  aid  of  high 
speed  calculators  (exaaple  of  the  solution  of  a siailar  problea  for 
geoaetrically  nonlinear  slightly  curved  shell  will  be  given  below). 

If  the  experinental  data  of  the  properties  of  aaterial  are 
described  by  exponential  nuclei,  then  the  systea  of  integral 
equations.  (5.7.  10)  we  convert  into  the  systea  of  the  differential 
equations  of  the  following  fora: 

/«a,,/  + a,2Xi  + a,sXj; 

Xi“aJi/  + °raXi+ajjXs;  (5.7.11) 

X*  - ajJ  + ojjXi  + “MX» . 


where  the  coef f icients  oc  - bY  known  fora  are  expressed  as  the 

J 

coastants  of  the  deforaation  properties  of  aaterial.  the  geonetric 
para  asters  of  shell  and  subcritical  effort/forces.  For  the 
deteraination  of  critical  loads  to  systea  (5.7.11)  are  used  Hurwitz* 
criteria. 


A 


DOC  * 77231302 


61 

PAGE  34- 


Page  281. 


§5.8.  Cylindrical  bulge  during  creep  of  orthotropic  plate.  Liaits  of 
the  applicability  of  Kirchhof f-Love*s  hypothesis. 


lie  investigate  the  cylindrical  bulge  of  plate  during  creep 
taking  into  account  the  refined  theory  of  plates,  examined  into  §5.7, 
according  to  which  the  field  of  the  displacement  of  plate/slab  is 

deteraiaed  by  the  dependences: 

a-^+^+^+zV; 

c/-t'®+*Y»®+*J<'r+*1Y,,T;  w = w°. 

Taking  into  account  the  fact  that  creep  of  some 
glass- fiber- rein forced  plastics  little  is  developed  in  the  direction 
of  reinforcenent,  for  en  we  utilise  Hooke's  law,  taking  into  account 
only  shift  creep  in  plane  xz  (eaterial  orthotropic): 

t 

Ox—- ■ — ei-£'e(;  ox,-Glsyx,-  / C,j(/-0)Y«d0.  (5.8.2> 

For  this  case  the  flow  properties  of  glass-plastic  plates  cannot 
be  described  with  the  aid  of  the  aodel  of  Kirchoff  according  to  which 
in  the  task  ia  question  we  obtain  only  instantaneous  Euler  critical 
force  T»;  the  process  of  loss  of  stability  in  tine  here  it  can  be 
investigated  only  with  the  aid  of  the  refined  theory  of  the  bending 
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of  plates. 


In  order  to  calculate  internal  torque  Mx  and  transverse  force 
ve  utilize  dependences  for  the  field  of  the  displacesent  of 
plate/slab  in  the  case  of  the  cylindrical  bending: 

u— zyxt+ziyxT ; w-w0,  (5.8.3) 


tihere 


Taking  into  accoant  the  fact  that 


lx 


*1 

dx 


+*3 


and 


du  dw 


dx 


let  as  cos pate  Mx  and Qx 


Mx=±dx?*L--±d  — 

5 dx  5 Ux  dx1  ' 


(5.8.4) 


Q*“T  G,,/,(  Y‘#+"lr)  ~\hS  G>»('-0)  ( Y x°+-^-)dQ, 


2E’h* 

3 * 


where  the  thickness  of  plate/slab  2 h,  D 
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The  equations  of  the  equilibciua  of  differential  cell/eleaeat  aa 
the  coapressed  force  Tt0  of  plate  with  initial  sagging/def lectioa  a»oo 
with  cylindrical  heading  baa  the  fora 

After  suhatitatiag  (5.8.0)  ia  (5.8.5),  we  have 


_in  1 n <*“»  T l \ 


^(u-oo-w) 

■7,° A? °- 


(5.8.6a,  h) 


In  the  exaaioation  of  the  hinged  support  of  plate,  we  take 

»-/(0  *in  — ; »«-/«,  sin  — ; 

a 

yJ>~x(t)cos~-.  (5.8.7) 


After  accepting  £,,(<-8)  ia  the  fora  of  the  exponential  <?„(f-e)-. 
<5„ -_L± 

^ — e " .takiag  iato  accoaat  (5.8.7)  a ad  after  eliaiaatiag  free 
»J*tea  (5.8.6)  i x(0.  for  the  aaplitude  of  saggiag/def lection  f (t) 
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we  obtain 


“ ( 4 - ( 4 ( t )! + 1 ] r4 ' + (1  - 

-[i^(l)'+lv1.},.f4w+(^r]r^ 


(5.8.8) 


Page  283. 


If  function  f (t)  is  known,  then  for  coaputation  x(0.  accordingly 
(5.8.6a),  we  have  the  following  linear  dependence: 

5 


X(0 


4 D,n 


SrfiDA(^)  _7’,°]/(0_f'D^r7’,o/o0-  (58-9) 


It  in  solved  (by  5.1.8)  under  the  initial  condition 


foo 


T M 


(5.8.10) 


-1 


' M’ 


"here  1 i %-*(")*  tk«  critical  load  of  elastic  task  taking 

**'  / n \* 

into  account  trann verse  shift/shears.  Here  T»“Dxui ) ~ critical 

load  for  the  plate  in  guestion  without  taking  into  account  of 
transverse  shift/shears  (in  this  case  is  possible  only  instantaneous 
it  is  elastic  loss  of  stability). 
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ifter solving  (5.8.8),  we  hti« 


r„  -t„ 


/(/)-/-+ (/o-/«)e  - , 


(5.8  1 1 > 


whore 


/- 


f 00 


7-fl 


— sagging/deflection  with  t * 


-I 


.422.(4’  .44, 

5 Ojia ' a / 5 O413/1 


- prolonged  critical  load  taking  into  account  transverse 
shift/shears. 


Pros  (5.8.11)  it  follows  that  when  T,0<Ta  the 
sagging/deflections  in  tiie  attenuate  (steady  state),  and  when 
7"a< 7|o< ^wtlie  rate  of  the  increase  of  sagging/deflections  grow/rii 
shea  we  ha  ve  instantaneous  loss  of  stability. 


Let  us  estiaate  error  appearing  as  a result  of  the  disregard  of 

shift/shears  ia  plane  as  and  of  the  disregard  of  the  creep  of  the 

■aterial:  __  r„-r3  2 / h V £' 

r_  Tn-T3  2/  h v E'  (5.8.12) 

n TT~  l00%"T\T/  7 — n*  100%. 

‘a  5 ' a f Gn „ 


L 


j 
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Coaputations  show  that  transverse  shift/shears  one  should 
consider  for  cell/elenents  with  flexibility  to  30.  Errors  (in  o/o)  , 
that  appear  with  the  disregard  of  transverse  shift/shears,  for 
cell/elenents  by  flexibility  to  30  are  given  in  table  5.1. 

1 
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Table  5.1.  Errors  from  the  disregard  of  traosverse  shift/shears  in 
o/o. 


a 

2h 


£•  t,?  r 


3 

s 

1 io 

/ » 

1 « 

| ao 

10 

3.0 

5.0 

10,0 

20,0 

40.0 

60.0 

20 

0.8 

1.3 

2.5 

i 5.0 

10,0 

15,0 

30 

0.3 

0.6 

l.l 

2.2 

4.4 

6.7 

Key:  (1) . or. 


§5.9.  Stability  of  orthotropic  cylindrical  shells  during  creep  taking 
into  account  the  strains  of  transverse  shift/shears. 


He  investigate  the  stability  of  orthotropic  shells  during  linear 
creep  taking  into  account  shift  creep  and  strains  of  transverse 
shift/shears.  It  is  assuned  that  the  standard  to  nedian  surface  of 
shell  in  the  process  of  strain  does  not  renain  perpendicular  to  it, 
but  it  is  turned  at  sone  angle,  without  experience/testing 
elongations  - expressions  and  without  bending  (kinenatic  nodel  of 
Tinoshenko's  type).  This  nodel,  as  is  known,  nakes  it  possible  to 
consider  shearing  strains,  not  taking  into  account  of  the  classical 
theory  of  kirkhgofa  - Love's  shells. 


J 


tanUminii 
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1.  If  we  consider  glass-fiber-reinforced  plastic  as  orthotropic 
■aterial  and  to  disregard  its  creep  in  direction  of  reinforceaent, 
then  we  will  obtain  physical  relationship/ratios  f row  (5.2.4). 

According  to  the  taken  aodel  of  the  deforaation  of  shell,  we 
have  the  following  geosetric  constraints  between  strains  on 
equidistant  and  aedian  surfaces: 

Vi  i * 8 n *4"  , C22  * C22  4*  ^^2  * (591) 

*I2“*I2  + 2^X|2 '1  e2S“*2». 

aoreover 


dyx  _ 
dx  ' 


dy  ’ 


2xn—  '*  4 — t"— ■ ; eis“V*  + 


dyx_  dyy_ 
dy  dx  ’ 

dw 

W' 


dw 

IT' 

(5.9.2) 


where  en  - strain  in  equidistant  surfaces 


- strain  in  aedian  surface; 


Y»  Y»  - the  angles  of  rotation  of  nors*l  filaaent  ia  planes  at 


i 
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Poc  strains  in  aedian  surface,  we  bawe  equation  of  the 
continuity: 

A*«ii  t d*e**  d*ei*  de„  dt2J  „ 

ay1  dx*  dxdy  dx  * du 

y (5.9.3) 

the  equations  of  the  equilibria*  of  the  differential 
cell/eleaent  of  shell  will  be: 


H±.  dS  dS  dT2  A 

dx  + dy  “ ’ dx+  dy  “°; 

AQ'  ■ dQi  k t b t t t d*u>  a»u> 

am,  d//  a//  aM,  ^ (594> 

— — +-5r~Q,-°’ 


where  the  expressions  of  internal  ef fort/f orces  taking  into  account 
(5.2.4)  and  (5.9.5)  take  the  fora 
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* h 

y ot7dz-2h(Ann  + 

~k 

+/12i!ii*ii);  (5.9.5) 

* « 

s=  f 0iadz=2hAimel2-2h  J /?m2(<-e)e,2(0)d0; 

-A  0 

M'-j  /1*»|rM'l"lr) : 

h 

Q,-  f ,,*u-a„„u,(^+S?L')  _2hj  <lw((_,)x 

-tK)« 

A 

Qi=  f T33dz  = Aii7i2h(  Yy  + — — - ) — 

-*  ' dy  / 

i 

-2A  y fl2J2J(/-0)  (y»  + -^-  )d0. 

o ' dy  / 
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Here  2h  are  thickness  of  shell. 

Following  the  nixed  nethod  and  representing  the  tangential 
effort/forces  Tt#  T z and  S through  the  function  of  stresses  F#  fron 
relationship/ratios  (5.9.1)  and  (5.9.4)  we  will  obtain  four 
fundaaental  equations  relatively  unknown  of  functions  f,  w#  V«  and  \y 
into  which  will  enter  the  integral  terns: 

Jr  '*'*('“0)  (^“+^7  )d0;  / #i»'»<<-e>(  Y*+-^-  )<*8; 

0 y 0 

(5.9.6> 
dw 
dy 


< 

f (y»+ 

o 


If  we  elininate  fron  the  obtained  four  equations  function  F,  and 
then  to  give  to  shell  disturbance/perturbation  in  the  forn  of  low 
initial  deviations  (sagging/def lection  and  angles  of  rotation) , for 
exanple  in  the  fora 
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. . mnx  . nny  mnx  . nny 

w — f sin — — sin — — ; y*~Xicos — — sin— - — ; 

(5.9.7> 

mnx  nny 

„ *:  Y»“X»sm  1 cos  — - — , 

and  finally  to  pass  (with  exponential  nuclei)  due  to  integral 
equations  to  differential*  we  will  obtain  in  suaaation,  for  research 
on  the  developaent  of  strains  and  process  of  the  bulge  of  shell  in 
tiae  the  systea  of  the  fora 

/ = aM/  + ai2Xi  + auXj ; Xi  = ajJ  + <*MXi  + “MXJ  I 

X2  = aj,/  + aj2x,+aMxi.  (5.9.8) 


where  ao  ere  coefficients*  by  known  fora  the  expressed  as  the 
constants  of  the  deforaation  properties  of  aaterial,  geoaetric 
paraaeters  of  shell  and  effort/force  T10#  T 20,  S„. 
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For  the  deteraination  of  prolonged  and  iastantaaeous  critical 
loads  to  obtained  systea  (5.9.8)  are  used  Hurwits*  criteria. 


2.  Let  us  exaaine  stability  of  circular  closed  cyliadrical 
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shell,  by  coapressed  along  foraing  force  Tl0.  At  zero  tine,  let  as 
give  to  shell  disturbance/perturbation  in  the  fore  of  low  initial 
sagging  and  angle  of  rotation  of  the  azisyeeetric  fore 


u>-f  sin 


Y.-Xcos 


(5.9.9) 


and  it  is  investigated  the  farther  behevier  of  segging/def lection. 

Let  us  introduce  the  function  of  stresses  F and  satisfy,  thus,  to  the 
first  two  equations  of  equilibrius  (5.9.4): 


Elininating  in  three  last/latter  equations  (5.9.4)  Qt#  q,  and 
taking  into  account  subsequently,  that  all  values  depend  only  on 
coordinate  z,  taking  into  account  (5.9.5)  we  have 


2/i»  A d*yx  | <PF  T 

3 A""  ~dx*~~~R  ~d*~  ~dx^T'°~0’ 

a^fros  (5.9.4)  taking  into  account  (5.9.5) 


(5.9.11) 
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2h*  d*Yx  . ..  I dw  \ 

TA""~d7*  A i»i*2^  ( Y*  ) - 

i 

-2h  «„l,(<-e)(Yx+-^!.)de.  (5.9.12) 


Froi  the  equation  of  the  consistency  of  strains  (5.9.3)  taking 
into  acconnt  (5.9.2),  (5.9.10)  and 


kie  haue. 


*»  “ + fijji  iO* 


I d*F  1 d*w 
lhan*-d*-R-d*-°- 


(5.9.13) 


(5.9.14) 
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Set/assuning 


Hm,.*ss=S«±.-sr 


(5.9.15) 


and  after  eiininating  fron  (5.9.11),  (5.9^12)  and  (5.9.  U)  p and  Y*. 
we  obtain  for  f the  following  equation: 


HiW+Oof-O, 


(5.9.16) 


where 
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+.Am»S^Am*'['lL(±Y-J.TmU 

l D n l R * \rrtn  > mn  "J 

/ l 2h  1 mn  _ \ 

' flj222  mn  / 10  / ’ 


(i 


I 

r_i 

2h 

( J_ 

On 

[ R2 

1*2222 

' mn 

2/i 

1 

mn 

T V 

>2221  ran 

” T* 

I 10  J ^ 

2/4  nn 

’n  — 

3 

note  that 

f 

aad 

X 

are  connected  linearly: 

„ 1 f 

I 

— / 

/ 

V / / \ 1 

/?* 

fl2222  ' 

mn 

J’W/M'  CS.9.17) 

The  initial  sagging/deflection  a will  not  grow/rise  in  tine.  if 
are  satisfied  the  conditions 


fli>0  a«>0. 


(5.9.18a.  6) 


Pron  (5.9.18a)  we  obtain  instantaneous  critical  force  taking 

into  account  the  strains  of  tho  transverse  shift/shears: 

Am* 


D u 


r,.“— 


* 


2 h 


Du 


l+- 


Am*  attnXi(> 
/?* 


Am*-~—  . (5.9.19) 


2M 


mi 
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Miniaizing  (5.9.19)  on  >.m.  we  have: 


40|‘  ±:4-|/2Dnh 

aitijA  un^  /?  ' a^jj 


4fl„  8h  / Dn  y ' 

R*  ' 2/1/4 IS13/?2  / 


(5.9.20) 


Proa  (5.9.18b)  we  obtain  prolonged  critical  force  taking  into 
account  the  transverse  shif t/shears: 


2h 


1 + 


n ifl2  arnica2 

D"lV 

2/ifluu 


40ii  ±4t/2Dh/i 

2 uaa^ni^!  ft  ' 

a ~ 4D|1  8/t  ( g"  v* 

fljMi  ' 2hB\mR2  ' 


(5.9.21) 


(5.9.22) 
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For  the  case  - the  stability  of  cylindrical  shell  - t he  process 
of  bulge  in  tine  and  prolonged  critical  load  in  question  cannot  be 
investigated  with  the  aid  of  kirkhgofa  - Love's  nodel#  according  to 
which  we  here  obtain  only  instantaneous  critical  force  Fu,9.  The 
process  of  loss  of  stability  in  tiae  in  this  case  can  be  investigated 
taking  into  account  the  strains  of  transverse  shift/shears. 

Assuaption  about  the  absence  of  transverse  shift/shears  (kirkhgofa  - 
Love's  aodel)  corresponds  to  the  acceptance  of  infinite  shear  aoduli: 

that#  according  to  (5.9.19)  and  (5.9.21)#  it  is  led  to  the 
instantaneous  critical  force 


_ „ _ A*  2 h 

ho  *r+-^r 


(5.9.23) 
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where  after  einieizatioo  for  X*  we  have 


v 


R*  2/i 
D||fl22*2 


(5.9.24) 


3.  For  illustration  let  us  take  nuaerical  exaaple.  Let  us 
exaaine  the  cylindrical  shell,  aanufactured  froe  the 
glass- fiber- reinforced  plastic,  reinforced  along  generatrix  and  in 
transverse  direction,  with  the  following  characteristics: 


(i)  1 O' 

-200000  ki/cm*)  fs- - ! 00  000  ice/cM* ; 

„ a2222  ~ 

&>  ® 

Oi2“^ijij*5000  ki/cm 1 ; Gu'a  = fluu“  1500  kz/cm j . 

Key:  >(1) . kg/a*. 
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Geometric  characteristics  of  the  shell:  B * 10  ca,  h = 0. 1 ca. 

If  let  us  accept  kirkhgofa  - Love's  hypothesis,  then  we  will 
obtaia  only  inataataneous  critical  force  according  to  (5.9.23)  and 
(5.9 .2%)i  r,03=  3Zle  kg/ce;  X*  - 122. 

taking  into  account  transverse  shift/shears,  we  obtain 

iaataataaeous  (5.9.19)  aad  prolonged  (5.9.21)  the  critical  forces: 

rl0M-300 

/\  kg/ca  and  XM*”  139;  7V1— 237  kg/ca  aad  Xa,*“268. 
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Let  us  estiaate  the  errors,  permissible  as  a result  of  the 
disregard  of  the  transverse  shift/shears: 


10 


I00»9%; 


r,o3-rlo^ 
Tx  a* 


1 00  « 38  % . 


Thus,  the  disregard  of  the  phenoaena,  connected  vith  transverse 
shift/shear,  in  certain  cases  is  led  to  essential  errors. 


§5.10.  Stability  of  orthotropic  slanting  spherical  shells  vith  large 
saggieg/deflections  taking  into  account  the  strains  of  transverse 
shift/shears  and  creep. 


Be  investigate  stability  during  creep  of  slanting  axisyaaetric 
shell  vith  a radius  of  a,  loaded  by  the  axisyaaetric  transverse  load 
p.  In  this  case,  is  considered  only  interlayer  shift  creep,  and  also 
creep  in  the  plane  of  layers  of  the  reinforcing  fabric.  Let  us 
exanine  the  sagging/deflections,  coaaensurable  vith  the  thickness  of 
shell,  and  strain  coaponent  let  us  accept  lea.  Nondeforaed  aedian 
surface  of  shell  is  accepted  as  so  slanting  that  it  is  described  by 
the  nonlinear  relationship/ratios  of  circular  plates  for  the  bent 
state,  s.ucetoa,  hovever,  that  that  in  the  initial  unloaded  state  in 


%o 
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the  shell  of  stress  and  strain  they  are  absent  [298].  Let  us  conpose 
the  initial  equations  of  task  taking  into  account  the  adopted 
assuaptions. 

1.  Equations  of  equilibriun  of  flexible  circular  plate  take 
following  fora  [64,  298]: 

froa  projections  of  forces  in  radial  direction 

dNr 

r-r^+Nr-Nt^O,  (5.10.1a) 

also  in  vertical  direction 

_ dw  i r ' 

Qr+Nr—^r+—  J pi-df^  0.  (5.10.16) 
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Equation  of  aoaent  balance 

dMr  1 

__+_(yVfr-M,)--Qr.  _ (5.10.1c) 

Let  us  pass  to  slanting*  circular  cross-section  shell  and 
describe  its  deforaed  surface  by  the  expression  of  the  warped  surface 

of  flexible  circelar  plate  (rig.  5.1)  [298]: 

IT-  - (y-w)  * w-y . 


(5.10.2) 


L 
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Here  y is  an  ordinate  of  nondeforaed  aedian  surface  of  shell;  w - the 
saggiog/de fleet ion  of  shell. 


Equations  (5.10.1a)  and  (5.10.1c)  will  reaain  previous,  and 
instead  of  (5.10.1b)  we  have 


r 

-Qr+Nr  d(Wd~  ~ + y f prdr  = 0.  (5.10. 1 d) 


2.  Geoaetric  relationship/rat ios.  Let  us  exaaine  two  versions  of 
the  account  of  transverse  shift/shears. 


a)  let  us  assuae  that  the  filaaent*  noraal  to  noadeforaed  aedian 
surface,  in  the  process  of  the  deforaation  of  shell  only  is  turned, 
without  experience/testing  elongation  - coapression.  Por  this  case  we 
have  the  following  geoaetric  constraints  between  strains  on 
equidistant  and  aedian  surfaces  [ 229]: 

er  = er  + zxr;  ev  = e*  -f-  ; 

(5.10.3a,  6, c) 

€rt 

her*  are  strains  of  eguidistant  surface; 


- the  strain  of  aedian  surface,  aoreover 


J 
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r =* 


u 


r 


dw  dy 
dr  dr 


dw  dvr 

~dr  Vr * x'”_dT:  x*  = 


dy* 

d(f> 


(5. 10.4  a,b,  c,d,e) 


where  y,  is  an  angle  of  rotation  of  standard. 
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After  eliainating  from  (5.10.4a,  b)  displaceaent  u,  we  will 
obtain  the  equation  of  the  consistency: 

de.  l / dw  \J  dw  dy 

<5,0-5> 

b)  taking  into  account  also  the  bending  of  the  noraal  filaaents 
of  strain  on  equivalent  surface  will  be  (expressions  of  the  strains 

of  aediaa  serf  ace  will  reaaia  previous  [230]): 


dyr 

a X 7 r - — 

—( 

d*w 

dy. 

or 

3/i*  ' 

dr * 

dr 

u 

e * “ eV  = “ i 

<* 

2 

1 

T 

•si  t 

/ dw 
' dT 

-*)( 

1- 

(5.10.6  a,  b,  c) 
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3.  Physical  relationship/ratios.  As  in  the  preceding/previous 
paragraphs,  it  is  considered  only  shift  creep  of  interlayer 
shift/shear  and  shift/shear  in  the  plane  of  layers  of  the  reinforcing 
fabric,  after  considering  that  in  the  fiber  direction  creep  froa 
noraal  stresses  is  absent: 


• Or  K | |?r  + >4  illy  ; 

i 

ir<t  = Gi^ery—  j Rr?(t  — 0) (0)d0;  (5. 1 0.7  a,  b,  c,  d,  e) 

o 

i 

1n=G\ \6ri — J Rrt{t  — 9)£ri(9)d[0; 

0 

I 

— J — 0)*fi(9)rf8. 

o 


Taking  into  account  (5.10.3)  the  expression  of  internal 
ef fort/for cea,  ia  taken  the  fora 
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Qr=  f Xnd2  — 2/»Ori(-^-»-Yr)  ~ 

t 

-2h  //?„(/- e)  (-|^-Yr)de. 


Page  293 
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Upon  consideration  of  strains,  according  to  (5.10.6), 


h«  have  the  following  expressions  of  internal  effort/forces: 


Q,-  j 'l0-(— -V')  ~jf  #"<'-•> 


(5.10.9  a,b,c ) 


P 
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4.  Resolving  equations  of  task  Me  Mill  obtain,  utilizing  in 
equations  of  equilibrium  and  consistency  physical 
relationship/ratios.  He  determine  noraal  effort/forces  by  the 
function  of  stresses  F in  the  fora 

AT,— (5.10.10  a,  h) 

and  by  this  we  satisfy  the  equation  of  equilibrium  (5.10.1a). 
Equations  (5.10.1b)  aad  (5.10.1c)  lot  us  present  ia  tbs  fora: 


-Qr+Nr~-W£r  V)-  +y  f prdr-0, 


(5. 10. 1 1 a,  b) 


I „dr. 0. 


i»  ' ».  •’ 
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a)  during  the  use  in  (5.10.11a,  b)  of  physical 
relationship/ratios,  according  to  (5.10.8),  when  is  considered  only 
the  rotation  of  standards,  we  have: 


dw 

dr 


2/i3 


)d0 — - J prdr- 0; 
r 0 

r , / ^Yr  , 1 dyr  \ „ Yr  1 F d (w  - y) 

dr 


+ 


+—  J prdr  — 0. 


(5.10.12  a,  b) 


Further  in  the  equation  of  consistency  (5.10.5)  we  utilize 
physical  relationship/ratios  (5.10.7),  solved  relative  to  the 
components  of  tensor  of  the  strains: 


u—L(a,N,+a"Nr), 


(5.10.13  a,  b) 


that  it  leads  to  the  expression 


(dwy 

dvu 

dy  1 r 

V dr  1 

dr 

dr  “ 2h  l 

l dF  +r 

*F  \] 

\1T+r 

dr1  1 J 

(5.10.14) 


The  obtained  expressions  (5.10.12a),  (5.10.12b)  and  (5.10.14) 
they  conpose  the  conplete  systea  of  equations  of  tash  of  relatively 


J 
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c)  let  us  note  that,  utilizing  in  this  task  kirkhgofa  - Love's 
■odel,  we  obtain  only  elastic  solution,  since  here  is  not  considered 
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interlayer  shift  creep.  Utilizing  in  the  equation  of  equilibriua 
(5.10.11b)  of  the  expression  of  internal  torque*  calculated  under  the 
assunption  of  the  nondefornability  of  the  standards: 


yU  « — 

2/i3  j 

[All. 

d2w  1 

3 ' 

1 nil 

dr*  +Au  r 

2h3 

l , 

1 dw 

Mf«  - 

^ A 22 

, +Ati 
r dr 

dw 

dr 

d*W 


b 

)• 


(5.10.16a.  b) 


we  obtain  together  with  (5.10.14)  two  resolving  equations  of  the 
task: 


2 h*  d 
3 dr 


d*  . I d \ 1 2A*  r , , M x & 


F d{w—y) 


dr 


£ 

r 


0. 

(5.10.17) 


In  this  case*  after  assuming  the  infinite  interlayer  shift 
rigidity  of  naterial,  we  obtain  the  high  values  of  critical  loads. 


5.  Node/conditions  particular  task  of  stability  of  slanting 
spherical  shell  with  constant*  evenly  distributed  load  p.  For  this 

case  we  have  (Fig.  5.2) 

1 dy  _ 1 


r dr 


_1_ 
R ' 


(5.10.18) 


f 


| 


DOC  - 77231303  PAGE  25 

He  utilize  kineaatic  relatioaship/catios  (5.10.3)  and  (5.10.4). 
The  inertial  forces  let  us  disregard,  since  this  is  led  to  the 
distorted  results  only  in  the  zone  of  cracking  where  the  rate  of  the 
increase  of  sagging/deflections  has  considerably  aore 
preceding/ previous  stages  [ 233], 

Page  296. 

He  approxiaate  diaensionlesa  quantities — L ™ and  by  the 

/4ua  a ’ 

following  polynoaials: 


——.bo  + blp  + btpr, 

w 

~ = C0  + Cip  + C2pJ ; 

Yr-Eo  + f.P  + *2pJ. 

(5.10.19a,  b,c) 


where 


r 


The  constants  of  polynoaials  (5.10.19)  let  us  deteraine  froa 
boundary  conditions.  In  the  exaaination  of  hinged  support,  we  have: 
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u-a/-Afr«0  Hk#B  r-a; 


(5.10.20  a) 


dw 


v-o.  -jj—o  lttk.  '-0. 


(5.10.20  b) 


From  condition.  ATr-Af,  with  r = 0.  we  have  — 6o— 0.  prOB  «|r_.-0 


n havo 


a(r-a) 


-a)  v 1 r dF(r~a)  F(r—a)  1 A 

7 — 2* 


vhonco  d,- -6j 


2a, + a' 
a,+a" 


If  we  designate  b2  = b (t)  , 

F-i4ua*(p-;r)p&(0. 


we  will  obtain 
(5.10.21) 


where 


2a, + a" 
at+a"  ' 


Fro.  conditio.  wo  have  c,  « 0*  pro.  •«  obtain  C0 

* -c,. 
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After  designating  C0 


c (t) , we  cone  to 


9* 
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Subsequently  let  us  examine  shell  of  the  monotropic  material 

e,“T*0r-va,*:  yZj(,,+v#»): 

1 £ 

**-— K-vo.);  a,=-j— (e,  + ver);  (5. 10.25 a, 6, c.d.e) 


T««G„Yr2-  /C(/- 


0)Y«(6)d:0. 
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Experiaental  data  are  described  well  by  nucleus  in  the  fora, 
proposed  by  Yu.  N.  Babotnov  [ 156,  197]: 

. ,5.1 026, 


After  integration  froa  systea  (5.10.24a,  fc,  c)  taking  into 
account  (5.  1 0.  2 1)  - (5.  10.  23)  we  have: 
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i 
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After  solving  systea  (5.10.27)  relative  to  c (t)  with  t * 0,  we 
will  obtain  equation  for  the  solution  of  the  instantaneous-elastic 
problea,  necessary  for  the  initial  conditions: 

Bc(0)»-Dc(0)*  + «c(0)-^  (5.10.28) 
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<d  tbo  specific  csss  of  aacleas  (5.10.26)  with  « « 0#  after 

assesiag  x— — — aad  G'~— (erposestial  nucleus)  fros  systen 

n n 

(5. 10w27)#  after  sol  via?  its  relatively  c(t)  aad  after  passiag  to 
diaensionless  tiae  r * t/n,  ve  obtain  the  nonlinear  differential 
equation  B'c  (T) » ■ - Z>'c  (t) 2 + H'c  (T)  + 35c  (t)  *c  (r)  - 2Z)c  (t)  c (t)  + 

+ Hc(x)^A'p,  (5.10.29) 


•here 
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0*0 

a 

T~ 

i 

5 _ r 

±) 

(- 

Y1 

a 

T" 

1 

5 

_L.11 

0+0 

^ 1 

'4 

15  / 

' R 

' 3 

G*  2 1 

( a 

1 \ 

m _ n 

a 

1 

' 3 

“T* 

'2  3 / 

T" 

" 4 
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for  the  cim  when  with  » • • c(t)  « 0,  we  obtain 
d*pn«Mca  for  deterBiaiaf  the  saggiag/Oaflectioaa  of  aktll  aitk  tko 

long  effective  loads 

A'p-B'ct-D'ci+H'c. 

(5.10.30) 

6.  Numerical  solution  of  particalar  task.  Let  us  accept  tke 
following  geometric  paraaeters  of  shell  (Pig.  5*2):  S/a  * 0.07;  a/h  « 
HO;  B/h  ■ 1005;  a/H  * 0.139;  p * 8°00  ; we  take  also  tke 
seckanical  characteristics  of  sonotropic  aaterial 

(glass- fiber- reinforced  plastic):  B • 200,000  kgf/cw*;  B/0  « 30j  £- 

* 150s  f - 0.1.  The  coefficients  of  eg  sat  ions  (5.10.20)  - (5.10.30) 
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with  the  taken  values  of  geoaetric  parameters  and  the  characteristics 


of  aateriel  acquire  the  following  values: 

4- 87  238;  190; 

5— 3293,7;  5' -3248,5; 

0—519,64;  0'-5lO,2; 

W-  8,29;  H'  -7,82.. 

Instantaneous~elastic  sagging/deflections  and 


(5.10.31) 


sagging/deflections  in  the  case  of  the  long  effective  load  when  r * - 
are  obtained  according  to  expressions  (5.10.28)  and  (5.10.30).  The 
obtaiaed  peak  loads  can  be  call/naned  instantaneous  and  prolonged 
critical  loads,  in  this  exaaple  prolonged  the  critical  load  on  11o/o 
lower  than  instantaneous.  Bguation  (5.10.29)  at  the  values  of 
coefficients  (5.10.31)  was  solved  on  BESH-2. 


- 

rMI 


Pig.  5.2.  Slutiif  apkctlctl  shell  and  its  basic  geoaetric 
parameters. 

Page  302. 

Sere  undertaken  the  following  values  of  the  disensioa less 
paraseter  of  the  load:  1.7U10"7;  2. 34«10~7;  2-71*  10”7;  2.  78*1 0~7; 
2.80«10~7;  2.92«10“7;  3. 00»  10~7.  Solutions  (5.10.29)  at  the  taken 
values  of  p in  the  fora  of  graphs  are  given  in  Fig.  5.3.  Froa  these 
graphs  it  follows  that  with  the  loads  smaller  than  the  prolonged 
critical#  sagging/def lectio rs  in  tiae  are  stabilized.  Rhen  the  load 
PA<P<PM  the  aaggiag/def lections  grow  at  the  increasing  velocity:  in 
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this  case  froa  the  obtained  graphs,  it  is  possible  to  calculate  the 
critical  tiae  which  is  deterained  by  conditional  point  on  graph  c - 
v. 
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§5.11.  Stability  of  cylindrical  shell  daring  the  nonlinear  creep  of 
the  aaterial. 

The  broad  class  of  polyaeric  aaterials  follows  the  nonlinear 
laws  of  creep  [154].  For  the  analysis  of  stability  of  cylindrical 
shell,  let  as  accept  coenunication/connection  between  deformations, 
stresses  and  their  velocities  in  the  fora  of  nonlinear*dif ferential 
dependence.  To  this  corresponds  the  following  differential  expression 
of  the  function  of  the  local  deforaations: 

+^+Qe„«-nfl«„,  (5.11.1V 

where  n,  G,  B,  Q and  a - constant  of  aaterial.  He  take,  that  the 
function  of  local  deforaations  has  identical  value  both  with  the 
loading  and  during  unloading  of  aaterial  (for  soae  polyaeric 
aaterlaln  thin  is  confined  by  experiaents) . 


(results  are  calculated  with  the  aid  of  BISH-2) 
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Page  303. 


He  will  consider  inertialess  saber it leal  state  of  the  shell* 
coa pressed  along  generatrices*  i.e.  * ao-0,  besides <Ju#0.*fter  exaaining 
low  deviations  froa  the  ground  state*  the  disturbed  state  let  us 
describe  by  the  varied  law*  utilizing  a recording  (5.2.7): 

/ (6yXiOtj+yXi6vij)ds.  (5.11.2) 


Taking  into  account  (5.11.1)  for  a pieaar- 


state  we 


have: 


2 . I . 2n  • rt  m ■ _ 8 „ 

- Qe i i26  822—  B6en+~  ; 

6822 = IUg  6°22  " 13c" 601 1 + W 6022 “ W 6a' 1 + 

+ -r7-Qen26e22 — - Qeii26en  + — 66e22H — rr^fieu  ; 

35  105  20  15  (S1|3) 

n . nn  . • 4 _ ..  nB  . • 

26.,,-—  fto„+— 6o„+—  — Ae„ . 


ie  sill 


dependences  for  deter ala lag  aa  increase 


in  internal  torgue  aa*  Ha*  and  H and  in  the  increase  in  the 
deforaations  in  aediaa  surface  of  shell.  Let  us  accept  further 
Rirchhoff* Love's  hypothesis: 
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6eM  — — zu>xx ; 6e*j—  — zu>n'  6y*“-2 zivXy,  (5.11.41 


let  us  introduce  the  function  of  the  stresses: 


OU/.-JV.-0.;  o„h-Nt— g-;  Xxyh~S~—^ 


(5.11.51 

ee  utilise  equations  of  eqcilitriua  end  coincidence  of  the 


deforaatioas:  a*M.  <?*//  a»Afa 

P— + 2 — r l--n «IO-^-T-  + -7r”U. 

dx2  dxdy  dy2 


&w  Nj 

I*2*  R 


d2*,  d*ej 

'+_dx*  dxdy  ' R dx2 


dy2 


&y  , 1 d*  w 


(5.11.6) 


Page  304. 


Osing  the  physical  relationship/ratios  (5.11.3)  in  the  equations 
of  equilibriua  and  consistency  of  deforaations  (5.11.6)  and  after 
assuning  the  axisyaaetric  fora  of  the  bulge 

mnx 


tv~f  sin- 


(5.11.7) 


we  obtain  following  systea  relative  to  the  function  of  stresses  # and 
of  sagging/deflections  w: 


— 1 
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/6J- 

PASS  ■% 


- / 3 2 \ h*  • 

^juu + n9««« “ 30^ C|  — jog ^ Q*i i1  J ~Y2  nw *»**•* + 


+ /?GB  — I0,*®«u  + 

-rRNiQn2wXXxx ; 

30  173  2 _ . \ fl  1 • 

^<p„„+—  UT  " f05  Qe"  / +l0  J n<Px"x+ 


(5.11.8) 


2 

+ B * 4 

105 

X 

900G 

[_* 

+ RB 

1 30 

5 Qe,,J)  [ (f  " W Qe“J ) X 

* (ll5Qe,,J“2)+,]“;“+ 


After  tliBiHUif  froa  the  obtained  ««utioa«  the  (uctioa  of 
stresses#  relative  to  the  aaplitude  of  sagging/deflections  f »e  have 

n*aj+na,f+aof—0, 


•hero 


(5.11.9) 

-^(^),(|^«e„.)^+aooA(IL- 

105  Qe,,,)^,*> 


Page  30S. 
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According  to  Hurvitz*  criterion,  we  have  the  following 
expression  for  the  prolonged  critical  force: 


30G 

30G  r 

** 

* 12  + 

XJ  1 

where 


- (5.11.10) 


After  the  ainiaization  of  this  expression  on  x,  we  have 

Ayi(|  - ^5 +-n^  «*...<• 

(5.11.11) 

Last/letter  tern  wader  aqaare  root  ae  coapared  with  the  others 

is  low.  if  it  we  reject/throw,  let  us  have 


,-G^L]/o.l67  — Qe„*. 


(5.1 1.12) 


where 


G-30G  aadQ-_L_Q 
630 

Thus,  the  prolonged  critical  force  of  the  coapressed  cylindrical 
shell  depends  on  the  characteristics  of  aaterial  at  the  long 
effective  load,  accuaulated  of  coaplete  deforaation  and  the  geonetric 
paraaeters  of  shell. 
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§5.12.  Torsion  fora  of  the  loss  of  stability  during  the  nonlinear 
creep  of  the  aaterial  taking  into  account  a difference  in  the  laws  of 
loading  and  unloading. 


The  torsion  forn  of  loss  of  stability  during  creep  is 
acconpanied  by  the  conbined  loading  of  naterial.  The  process  of  the 
conbined  loading  of  polyneric  aaterials  in  the  case  of  the  long 
effective  axial  load  with  the  subsequent  torsion  is  satisfactorily 
described  (see  §3.8)  by  the  theory  of  the  locality  of  defornations, 
if  we  consider  the  difference  in  the  laws  of  the  defornation  of 
aaterial  with  its  loading  and  unloading.  Then  the  function  of  the 
lccality  of  defornations  will  take  the  different  fora  depending  on 
that,  will  shearing  stresses  on  the  local  pad  grow/rise  or  decreased. 

Page  306. 

Daring  accoaplishing  condition 

/\ 

cos(cr„.  o,i..)f  (5.12.1) 

•here  leetankeneoee  value  of  etwee f o,*..  * •■I 


J 
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preceding/previous  shearing  stress  on  the  pads*  the  deformation 
properties  of  polyethylene  with  sufficient  accuracy /precision*  can  be 
described*  if  we  accept  the  function  of  the  locality  of  de formations 
in  the  following  form; 

(5.12.2) 

During  the  unloading  when  we  have  the  following  condition: 

/\ 

COS  (Oji,  On,.),  (5.12.3) 


for  the  satisfactory  description  of  experiments  the  function  of  local 

| 

deformations  we  take  in  the  form  with  two  at  times  relaxation: 

Y*i  - -?r- + r-  o*»  - n B„y«  - nByx,  + Q„ . (5. 1 2.4 ) 

•.  Gx*  (j%x  Gxj 

Theoretical  curves  with  the  use  of  the  function  of  local  strains 
in  the  form  (5.12.2)  and  (5.12.4)  and  experimental  points  during 
creep  with  constant  stress  and  re verse/ in  verse  creep  after  unloading 
of  high-density  polyethylene  are  shown  to  Fig.  5.4,  where  the 
constants  of  material  have  the  following  values: 

n-10;  n-40;  n = 250;  G„«480;  Qx,«8200; 

3,5;  Qxi  “ 820. 

I 


Pig-  5.4.  Carres  of  creep  with  constant  load  and  during  unloading 
(solid  lines  is  experinental;  intermittent  - theoretical). 


Key:  (1).  cn*.  (2).  h.  (3).  hours. 

Page  307. 

■e  utilize  the  taken  frequent  forns  of  the  function  of  the 
locality  of  strain  for  tne  study  of  the  torsion  forn  of  loss  of 
stability  during  creep.  Let  us  ezasine  thin-walled  rod  with  cruciforn 
section/cut  or  the  narrow  band  with  three  hinge-fastened  edges* 
con pressed  along  free  long  side.  Let  us  assune  that  the  thickness  of 
section/cut  is  considerably  less  than  its  width-'  Such  section/cuts 
can  lose  directional  stability  of  twisting.  Bzaiining  cell/eleaent 
without  initial  bending*  we  see  that  in  saberitical  stage  the 
naterial  Mill  be  located  in  the  single-axle  stressed  state.  Otilising 
the  taken  above  functions  of  local  strains*  let  us  deteraiae 


r 


/O'? 
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coanunication/connection  between  increases  in  shearing  stresses  and 
strains  and  their  velocities  during  the  low  deviation  (twisting)  of 
cell/eleaent  fros  its  subcritical  rectilinear  fern  of  the 
eg uilibriua: 

d«it— 4 / 6v«t»i*«ds+-i-  J 6yxlvit Mtds,  (5.12.5) 

*<♦*  »«■» 

here  is  increase  of  the  fanction  of  local  strains; 

viu,  - weighting  function  (its  increase  in  this  task  6oit*,-+0); 

S+  is  a region  of  the  sphere  in  which  is  satisfied  the  condition 
(5.1241).  and  therefore  on  this  region  the  function  of  local  strains 
it  will  take  the  fora  according  to  (5.12.2); 

S*  is  a region  of  the  sphere  in  which  is  satisfied  the  condition 
(5.12. 3)  with  the  appropriate  function  of  local  defornations  (5.12.4). 

Regions  on  the  sphere  in  which  are  satisfied  conditions  (5.12.1) 
and  with  respect  (to  5.12.3).  with  by  elephant  loading  by  conpression 
with  the  subsequent  torsion  are  investigated  earlier  (§2.9). 
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Fig.  5.5.  Regions  of  loading  and  unloading  during  the  conditional 
scan/develcpaent  of  sphere. 


Page  308. 

During  a low  increase  in  shearing  stress  of  condition  (5.12.1)  and 
(5.12.3)  they  divide  sphere  into  two  regions,  shown  to  Fig.  5.5, 
where  on  the  region,  designated  in  plus,  is  satisfied  condition 
(5.12.1),  on  regaining  region  is  satisfied  the  condition  (5.12.3). 

Integrating  (5.12.5)  by  sphere  taking  into  account  of  the 
corresponding  to  each  region  fora  of  the  function  of  local  strains 
(5.12*2)  and  (5.12.4),  we  cose  to  the  relationship/ratio 


PMI  » 

6yi,m”h  ( "si  fio,*+-^r  ) + 

27  7 / 1 ™ 

+-i2Q«-e11.26Y,2+—(-^-6o12+-^-6o12+-^-6o,I- 

— nfl„6Yi2— nfljtjfivit ) +-yj*  Q™*ii«26Yi*  (5.12.6) 

or,  after  *9  oat  lag  aad  after  designating 

rti—y-(n  + n);  G-G„fl„; 

10  - . 7 

n2  = -y-n;  Ot  =-^- O^Dx,  ; 

Cfl(*u,)  ™— — G„  [ 1 —(<?«+ Q«»)  •ii«* ] . 

we  obtain 

Sou  4-  n,6oii  + nj6ou— 

-Ga(en.)6Yi*  + GiMYi»  + Gn»6Yi»-  (5.12.7) 

After  the  integration  of  this  expression  fer  the  cross  section 
of  ceil/eleaent  for  free  torsion,  we  have 

m11  + n,m,+n,mK..Ga(e,,O/«e,'+G,n,e''+G/I,rt,0'',  (5.12.8) 

*1 

•here  m,  is  intensity  of  the  external  torsional  load; 

)*•  the  second  nosent  of  area  dating  torsion; 


9 is  an  angle  of  twist 


f 


during  the  axial  coapression  of  thin- nailed  cell/eleaent  the 
intensity  of  th«  torsional  load 

m«-o„/,e,/.  (5.12.9) 

Ian  I,  is  the  polar  aoaaat  of  inertia* 

Page  309. 

After  accepting  9 ft,x)  * f(t)  sin  wx/i, 

(5.12.10) 


for  the  aaplitade  of  aaggiag/daflectioas  ee  have 

a,nj+atnj+aot-0,  (5.12.11) 


where 


fl«“Gfl(«ii.)/i(— Oi\lp ; 

o\\!p\  o\\!p. 

Expression  for  prolonged  critical  stress  ve  will  obtain*  as  is 

kqoea*  after  eg  anting  aa  with  aero: 

„.)-—.  (5.12.12) 

As  is  evident*  prolonged  critical  force  depends  on  the  prolonged 


characteristics  of  notarial  with  its  loading  and  the  unloading* 


4 


/if 
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accumulated  of  coaplete  strain  (elastic  defor nation  and  creep 
strains)  and  of  the  characteristics  of  the  cross  section  of 
cell/eleaent  (for  the  section/cuts  in  question  shore  h 

are  thickness,  b - width  of  cell/eleaent)  . 

The  graph  of  prolonged  critical  forces  with  the  obtained 

constants  of  aaterial  is  given  on  Fig.  5.6.  For  the  case  in  question 

h* 

instantaneous  critical  force  takes  value  - i.e.  nore  than  four 

tines  it  exceeds  prolonged  critical  force. 


Pig.  5.6.  Proioaged  critical  forces  for  the  different  ratios  h/b 


hoars 


§5.13.  Experiaental  analysis  of  stability  of  cylindrical  shells 
daring  coapression  by  constant  load. 


until  now,  in  the  experiaental  analyses  of  stability  of  shells 
of  polyaeric  naterials,  was  exaained  aainly  the  elastic  stage  of  work 
of  aaterial  [177-179,  182];  however,  stability  taking  into  account 
prolonged  processes  was  studied  insufficiently.  In  the  described 
below  experiaents  the  stability  is  investigated  taking  into  account 
the  rheoaoaic  properties  of  aaterial. 


//> 

PAGE  22 
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The  experimental  studies  of  the  prolonged  stability  of 
cylindrical  shells  during  axial  compression  were  carried  out  above 
shells  of  high-density  polyethylene.  In  all  were  tested  three  series# 
on  three  specimen/samples  in  each  (Table  5.2). 


r 


I 

j 


! 


Pig.  5.7.  Fora  of  shell  after  test lag  of  coastaat  load. 


Tables  5.2. 


Geoaetric  characteristics  of  experiaeatal  aodels. 


0) 

Ctpn 

C»-> 

Kamo 

OtpilVM 

155 

Cm* 

*«»•  " 

Cw> 

Cm*. 

CTe  N KM  kcp.  MM 

CpJk-  iMoauAt 

nonepewsoro 

CeMCNMS 

«** 

1 

3 

48,7 

3.2 

10,1 

143 

II 

3 

48,9 

3.7 

11.3 

13,3 

III 

3 

49.1 

4.1 

12.6 

12,0 

Re;:  (1).  Series.  (2).  Qeaatity  of  speciaea/saagles.  (3).  Media,  a 
radius  #ep>aa.  (4).  Media,  the  thichnesa  of  wall  ^of  aa.  (5). 
Media,  the  cross-sectional  aCeaFcp;of  ca*. 


Page  311 


i 


r 
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Experiaental  shells  were  sharpened  on  lathe  aadc  of  thin-walled 
polyethylene  tabes  (height/altitude  of  specinen/sanples  13.5  cn;  the 
average  value  of  the  nodalus  of  instantaneous  elasticity  B * 7000 
kg/ca*). 

Specinens  were  instantly  charged  by  the  constant,  long  effective 
load.  At  the  initial  torgue/noaent  after  the  load  of  bulges  in 
speciaen/saaple,  it  was  not  observed.  In  the  course  of  tine  in 
speciaen/saaple,  began  to  be  foraed  annular  bulges  (Pig.  5.7).  Has 
fixed  the  torgue/aoaent  of  the  tiae  when  in  spccinen/saaple  appeared 
the  first,  clearly  distinguishable  annular  bulge. 


1 
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Fig.  5.S.  The  theoretical  carve  of  proloeged  critical  fore*  according 
to  expression  (5.13.1)  and  experiaental  points  (»)  (6  * 6000;  Q * 

85). 


Tables  5.3. 


Basalts  of  experlaests. 


hLip»«*iim  «.  *»/«•' 

Bp*.*  to  noiMWcm 
, neptot  tunyippu. 

*0  JIHN 

3*MCPCK««H  lit  O#- 
MW  notttt  jtpup- 

MtUHN  t||- 10* 

1 

1 

109 

23 

3,57 

2 

114 

IS 

3,10 

3 

124 

6 

2.76 

II 

I 

118 

16 

3,48 

2 

126 

11 

3,31 

3 

135 

6 

3.28 

III 

| 

123 

2G 

SM 

2 

134 

15 

3.50 

3 

142 

3 

S.« 

■ays  (1).  Series.  (2).  Bo  speclaea/saaple'.  (3).  Stress  •,  kg/ca*. 
(4).  rise  to  the  appearance  of  first  bulge*  sis.  (5).  Measured  is 
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spec iaen/saa pie  coaplete  strain  £ . 

Page  312. 

Test  results  are  given  in  table  5.3  and  are  described  by  dependence 
(5.11.12)  V.  Prager's  tank  kinenatic  aodel.  The  law  of  the 
developaent  of  local  strains  is  accepted  both  in  final  and 
differentially.  In  the  first  case  the  way  cf  loading  is  considered 
only  by  the  regions  of  additional  charge  and  unloadings,  in  the 
second  - also  by  integral  in  terns  of  the  local  way  of  loading. 


The  obtained  theoretical  expressions  of  strains  satisfactorily 
describe  the  experimental  results  of  the  coabined  loading  of  the 
elasto- plastic  strengthened/hardened  sate rial,  which  confirns  the 
correctness  of  the  initial  prereguisite/preaises  of  theory. 

The  rheononic  properties  of  material^  according  to  the  theory  of 
the  locality  of  deformations,  are  described  by  aeans  the  exaaination 
of  the  function  of  the  locality  of  deformations  as  of  time/temporary 
dependence.  In  connection  with  polymeric  materials  most  promising  is 
the  use  of  dependences  of  8ol*tsmana  - Tol terra *s  hereditary  theory. 
Since  experiments  establish/instnlled  that  for  many  polyaaric 
materials  the  laws  of  deformation  with  loading  differ  from  law  during 
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unloading  of  naterial,  for  the  solution  of  the  problems  of  combined 
loading  is  establish/installed  the  criterion  of  using  the 
corresponding  laws.  Are  obtained  the  relationship/ratios  between 
strains  and  stresses  with  the  siaple  and  combined  loadings  of 
nonlinear  creeping  naterial,  if  loads  change  steplike. 

The  results  of  creep  tests  (in  nonlinear  range)  of  high-density 
polyethylene  (PVP)  with  the  sinple  and  conplex  steplike  ways  of 
loading  confirn  the  prereguisite/prenises  of  theoretical 
relationship/ratios. 

The  obtained  conponents  of  the  tensor  of  ccnpliance/pliab ilit y 
for  the  torgue/nonent  of  the  bulge  of  shells  in  aoneut-less 
subcritical  state  show  their  essential  dependence  on  the  way  of 
subcritical  loading.  The  level  of  the  critical  stressed  state  will  be 
nininun  with  the  sinple  subcritical  loading  when  additional  plastic 
defornations  grow/' rise  in  all  local  coordinate  systeas.  The  naxinua 
level  of  breaking  stresses  is  obtained  with  this  conplex  way  of  the 
loading  when  do  not  appear  additional  plastic  defornations.  flininun 
breaking  stresses,  received  by  the  theory  of  the  locality  of 
defornations,  close  to  the  results  of  deforaation  theory. 

The  carried  out  tests  above  thin-walled  cylindrical  shells  of 
polyethylene  with  short-tern  loading  showed  satisfactory  agreeaents 
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of  theoretically  calculated  critical  forces  with  the  results  of 

■ 

experiment.  The  zone  of  experiaental  breaking  stresses  lieAests  at 
the  zone  between  the  values  of  upper  and  lower  theoretical  breaking 
stresses. 

Page  315. 

Hith  an  increase  in  the  plastic  deformations,  the  effect  of  geometric 
nonlinearity  is  smoothed.  The  obtained  theoretical  stresses  will 
agree  also  with  the  results  of  the  experience  of  A.  S.  vol'nir,  A.  n. 
Vozhinskiy  and  v.  S.  noskvitin  on  the  analysis  of  stability  of 
thin-walled  rods,  plates  and  shells  of  alloy  D-16T. 

Those  who  were  solved  on  the  base  of  the  refined  kinematic  model 
of  the  task  of  the  prolonged  stability  of  plates  and  shells  of 
reinforced  plastic  showed  that  the  disregard  of  transverse 
shift/shears  in  the  large  ratio  E/G  leads  to  significant  guantitative 
error.  In  a number  of  cases  when  creep  in  the  direction  of 
reinforcement  can  be  disregarded  as  compared  with  shift  of  creep, 
classical  kinematic  model  even  it  is  qualitative  not  in  state  to 
describe  the  bulge  of  plates  and  shells  in  time.  The  solved 
particular  tasks  of  the  stability  of  plates  and  shells  during  the 
creep  of  the  material  in  geoaetrically  linear  and  nonlinear  settings 
(daring  linear  creep ) made  it  possible  to  establish/instal 1 the 
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Units  of  the  applicability  of  Kirchoff  - Love's  kineaatic  aodel. 

Is  obtained  the  load  of  the  prolonged  stability  of  shells  of 
nonlinear- creeping,  initial-isotropic  aaterial  for  two  cases:  when 
reverse/inverse  creep  is  described  by  the  law  of  creep  with  stressing 
and  when  reverse/inverse  creep  is  described  by  the  law,  which  differs 
fioa  law  so  on  loading* 

The  carried  out  tests  of  cylindrical  shells  of  polyethylene  by 
constant  load  nade  it  possible  to  fix  tine  when  in  speciaen/saaple 
begin  to  appear  the  first  bulges. 

The  results  of  experiaents  are  satisfactorily  described  by  the 
dependences,  obtained  theoretically* 
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